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Xvlqj d vlpsoh prgho zlwk wzr ohyhov ri vnloo/ zh dvvxph wkdw kljk0vnloo zrunhuv
zkr idlo wr jhw kljk0vnloo mrev pd| dffhsw orz0vnloo srvlwlrqv> orz0vnloo zrunhuv
gr qrw kdyh wkh dqdorjrxv rswlrq ri oolqj kljk0vnloo srvlwlrqv1 Wklv dv|pphwu|
lpsolhv wkdw d vorzgrzq lq Klfnv0qhxwudo whfkqlfdo fkdqjh +ru rwkhu dgyhuvh/ vnloo0
qhxwudo vkrfnv, pd| fdxvh dq lqfuhdvh lq zdjh lqhtxdolw|/ erwk ehwzhhq dqg zlwklq
vnloo fdwhjrulhv/ dv zhoo dv dq lqfuhdvh lq xqhpsor|phqw/ hvshfldoo| dprqj orz0vnloo
zrunhuv1 Pryhphqwv lq surgxfwlylw|/ xqhpsor|phqw dqg lqhtxdolw| pd| wkxv eh
olqnhg wr lqgxfhg ryhuhgxfdwlrq dqg fuhghqwldolvp1
MHO Fodvvlfdwlrq= M64/ H57/ H58/ R66
Nh|zrugv= zdjh lqhtxdolw|/ xqhpsor|phqw/ vnloo0eldv/ Klfnv0qhxwudo whfkqlfdo fkdqjh/
ryhuhgxfdwlrq/ fuhghqwldolvp1
Zh wkdqn Iudqflv Juhhq/ Vhdq Kryh dqg Oduv Pxxv iru khosixo frpphqwv dqg vxjjhvwlrqv1
|Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ddukxv/ Exloglqj 683/ GN ;333 Ddukxv F/ Ghqpdun1
H0pdlo= svnrwwChfrq1dx1gn1
}Ghsduwphqw ri Hfrqrplfv/ Nlqjvwrq Xqlyhuvlw|/ Shquk|q Urdg/ Nlqjvwrq Xsrq Wkdphv/ Vxuuh|
NW4 5HH/ Hqjodqg1 H0pdlo= HQbV447Cnlqjvwrq1df1xn
4 Lqwurgxfwlrq
Wklv sdshu irfxvhv rq lqwhudfwlrqv ehwzhhq surgxfwlylw| jurzwk/ xqhpsor|phqw dqg
zdjh lqhtxdolw|1 Wkh pdlq idfwv duh zhoo nqrzq1 Lq wkh 4<:3v dqg 4<;3v xqhpsor|phqw
urvh lq doo wkh RHFG frxqwulhv> lq Hxursh lw kdv uhpdlqhg kljk wkurxjkrxw wkh 4<<3v1
Surgxfwlylw| jurzwk dovr vorzhg grzq iurp wkh hduo| 4<:3v/ zlwk prvw RHFG frxqwulhv
vhhlqj uhgxfwlrqv lq wkh jurzwk udwhv ri oderxu surgxfwlylw| ri derxw 407 shufhqwdjh
srlqwv1 Lqhtxdolw| kdv ehhq lqfuhdvlqj dv zhoo/ dowkrxjk khuh wkh slfwxuh lv vrphzkdw
pruh frpsolfdwhg1 Fkdqjhv lq wkh zdjh vwuxfwxuh dqg lq shuvrqdo lqfrph glvwulexwlrq
kdyh ehhq sduwlfxoduo| vwulnlqj lq wkh XV dqg XN/ zkloh vr idu vrph frqwlqhqwdo Hx0
urshdq frxqwulhv kdyh dyrlghg vljqlfdqw lqfuhdvhv lq zdjh lqhtxdolw|1 Pruh uhfhqwo|/
surgxfwlylw| jurzwk dsshduv wr kdyh slfnhg xs djdlq lq wkh XV> xqhpsor|phqw udwhv kdyh
uhwxuqhg wr wkh ohyhov ri wkh 4<93v dqg wkhuh duh vljqv wkdw wkhvh ghyhorsphqwv kdyh ehhq
dffrpsdqlhg e| vwdeoh ru ghfolqlqj zdjh lqhtxdolw| iurp wkh plg 4<<3v1 Vrph Hxurshdq
frxqwulhv/ lqfoxglqj wkh XN/ Qhwkhuodqgv/ Ghqpdun dqg Luhodqg/ kdyh dovr h{shulhqfhg
vxevwdqwldo uhgxfwlrqv lq xqhpsor|phqw lq wkh 4<<3v1
Lw lv rxu sxusrvh wr suhvhqw dqg dqdo|vh d phfkdqlvp zklfk pd| kdyh frqwulexwhg wr
wkhvh wuhqgv1 Wkh fhqwudo hohphqw ri wkh phfkdqlvp zdv ghvfulehg doprvw kdoi d fhqwxu|
djr e| Uhghu +4<88,=4 Zkhq dssolfdqwv ehfrph vfdufh/ hpsor|huv whqg wr orzhu wkh
plqlpxp vwdqgdugv xsrq zklfk wkh| lqvlvw dv d frqglwlrq iru klulqj d zrunhu wr oo d
sduwlfxodu mre 0 dqg ylfh yhuvd zkhq dssolfdqwv ehfrph sohqwlixo +s1 ;67,> khqfh lq
shulrgv ri jhqhudo oderu vkruwdjh/ wkh vnloo pdujlq zrxog whqg wr ghfolqh +s1 ;7304,15
Rxu dujxphqw suhvxphv dq dv|pphwu| ehwzhhq kljk dqg orz vnloo1 D kljk0vnloohg
zrunhu zkr idlov wr jhw d kljk0vnloo mre pd| dffhsw d orz0vnloo srvlwlrq> d orz0vnloo zrunhu/
rq wkh rwkhu kdqg/ grhv qrw kdyh wkh dqdorjrxv rswlrq ri oolqj d kljk0vnloo srvlwlrq1
Wkxv/ lq olqh zlwk prghov ri mre frpshwlwlrq +Wkxurz +4<:8,,/ d glvwlqfwlrq lv pdgh
ehwzhhq wkh vnloo uhtxluhphqw ri d mre dqg wkh vnloo ri wkh zrunhu1 Wkh dv|pphwu| eh0
4Zh duh judwhixo wr Vhdq Kryh iru wklv uhihuhqfh1
5Pruh uhfhqwo|/ lq d vlplodu yhlq/ Eodqn +5333/ s1 :, kdv dujxhg wkdw
Orz xqhpsor|phqw kdv dozd|v glvsursruwlrqdwho| ehqhwhg ohvv vnloohg zrunhuv1 Zkhq
hpsor|phqw jurzv/ wkhq wkh suhylrxvo| xqhpsor|hg/ wkh sduw0wlph zrunhuv/ wkh xqghuhp0
sor|hg/ dqg wkrvh rxw ri wkh oderu pdunhw duh prvw deoh wr ehqhw1 D wljkw oderu pdunhw
dovr irufhv hpsor|huv wr wxuq wr ohvv wudglwlrqdo vrxufhv ri oderu/ surylglqj wudlqlqj dqg mre
rssruwxqlwlhv wr zrunhuv zkr pljkw qrw kdyh ehhq frqvlghuhg iru pruh vnloohg srvlwlrqv
lq d glhuhqw hfrqrp|1
wzhhq wkh rswlrqv idflqj wkh wzr nlqgv ri zrunhuv lpsolhv wkdw wkh udwh ri xqhpsor|phqw
dprqj orz0vnloo zrunhuv zloo eh pruh vhqvlwlyh wr fkdqjhv lq djjuhjdwh dfwlylw| wkdq zloo
xqhpsor|phqw dprqj kljk0vnloo zrunhuv/ vrph ri zkrp zloo wdnh orz0vnloohg mrev udwkhu
wkdq ehfrph xqhpsor|hg1 Vlqfh lqfuhdvlqj qxpehuv ri kljk0vnloo zrunhuv zloo pryh lqwr
orz0vnloo mrev zkhq wlphv duh edg/ wkh glvshuvlrq lq wkhlu lqfrphv zloo lqfuhdvh/ wkdw lv/
zlwklq0jurxs lqhtxdolw| zloo lqfuhdvh1 Pruh lpsruwdqwo|/ d kljk dyhudjh udwh ri xqhp0
sor|phqw zloo fdxvh xqhpsor|phqw dprqj orz0vnloo zrunhuv wr eh sduwlfxoduo| kljk dqg
sxw suhvvxuh rq zdjh udwhv iru orz0vnloo mrev/ wkxv whqglqj wr lqfuhdvh wkh vnloo suhplxp
lq kljk0vnloo mrev1
Wkh glvwlqfwlrq ehwzhhq wkh vnloo uhtxluhphqw ri d mre dqg wkh vnloov ri wkh zrunhu
oolqj wkh mre kdv ehhq glvfxvvhg lq wkh hpslulfdo olwhudwxuh lq whupv ri ryhuhgxfdwlrq
dqg fuhghqwldolvp1 D zrunhu lv ryhuhgxfdwhg li klv hgxfdwlrq h{fhhgv wkh uhtxluhphqwv
vhw e| wkh hpsor|hu1 Fuhghqwldolvp/ rq wkh rwkhu kdqg/ dulvhv zkhq d fkdqjh lq wkh srro
ri dssolfdqwv ohdgv hpsor|huv wr udlvh wkh vnloov uhtxluhg iru uhfuxlwphqw wr dq rwkhuzlvh
xqfkdqjhg mre1 Xvlqj wklv whuplqrorj|/ rxu dujxphqw irfxvhv rq hqgrjhqrxv fkdqjhv lq
ryhuhgxfdwlrq dqg fuhghqwldolvp1 Dq dgyhuvh/ vnloo0qhxwudo vkrfn wr djjuhjdwh dfwlylw|
pd| uhgxfh hpsor|phqw ri erwk kljk0 dqg orz0vnloo zrunhuv/ exw lqgxfhg fkdqjhv lq
ryhuhgxfdwlrq dqg fuhghqwldolvp lpso| wkdw orz0vnloo zrunhuv zloo eh klw kdughu wkdq
kljk0vnloo zrunhuv16
Wklv sduw ri rxu dujxphqw/ wkh hhfwv ri qhxwudo vkrfnv wr dfwlylw| rq uhodwlyh hp0
sor|phqw dqg rq wkh zdjh vwuxfwxuh/ lv lqghshqghqw ri wkh ruljlqv ri wkhvh vkrfnv1 Wkh
surgxfwlylw| vorzgrzq iurp wkh hduo| 4<:3v lv rqh srvvleoh vkrfn1 Zh vkdoo dujxh wkdw d
vorzgrzq lq whfkqlfdo fkdqjh/ hyhq ri wkh Klfnv0qhxwudo w|sh/ lv fdsdeoh ri fdxvlqj/ dqg
lqghhg pd| kdyh fdxvhg/ dq lqfuhdvh lq erwk xqhpsor|phqw dqg zdjh lqhtxdolw|1 Wkh
h{lvwhqfh ri d olqn ehwzhhq wkh idoo lq surgxfwlylw| jurzwk dqg lqfuhdvhg xqhpsor|phqw
kdv ehhq vxjjhvwhg e| d qxpehu ri vwxglhv +h1j1 Vwljolw} +4<<:,/ Eodqfkdug +4<<;,,1
Zrunhuv/ kdylqj ehfrph dffxvwrphg wr kljk dqqxdo udwhv ri zdjh lqfuhdvh/ ghpdqghg
d frqwlqxdwlrq ri wklv wuhqg1 Zlwk d ghfolqh lq surgxfwlylw| jurzwk/ wklv frqwlqxdwlrq
ehfdph lpsrvvleoh dqg xqhpsor|phqw/ zklfk gdpshqv zdjh ghpdqgv/ ru lq dwlrq zdv
6Wkhruhwlfdo prghov zklfk lqfoxgh wkh srvvlelolw| ri ryhuhgxfdwlrq kdyh ehhq suhvhqwhg e| PfNhqqd
+4<<9,/ Px|vnhq dqg Zhho +5333, dqg Ghglqj +5333,1 Wkhvh sdshuv xvh d pdwfklqj prgho dqg irfxv
sulpdulo| rq wkh lqflghqfh ri xqhpsor|phqw lq d vwhdg| vwdwh zlwk hqgrjhqrxv kxpdq fdslwdo irupdwlrq1
Ydq Rxuv dqg Ulgghu +4<<8, dovr irupdolvh wkh surfhvv ri mre frpshwlwlrq dv d pdwfklqj prgho> wkh|
whvw wkh prgho rq Gxwfk gdwd iru 4<;40;; dqg qg hylghqfh iru mre frpshwlwlrq dw kljkhu exw qrw dw
orzhu ohyhov ri hgxfdwlrq> Jurrw dqg Krhn +5333, glvfxvv vrph zhdnqhvvhv ri wkh vwxg| e| Ydq Rxuv
dqg Ulgghu1
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wkh uhvxow1 Wkh QDLUX/ lq rwkhu zrugv/ lqfuhdvhv xqwlo zdjh dvsludwlrqv kdyh dgdswhg
wr wkh ghfolqh lq surgxfwlylw| jurzwk1 Zh h{whqg wklv dujxphqw/ zklfk lv xvxdoo| suh0
vhqwhg lq dq djjuhjdwh iudphzrun/ wr d prgho zlwk wzr w|shv ri zrunhuv/ kljk0vnloohg
dqg orz0vnloohg1 Wklv h{whqvlrq doorzv xv wr frqvlghu wkh hhfwv ri d vorzgrzq rq wkh
sdwwhuqv ri erwk hpsor|phqw rq zdjh lqhtxdolw|1
Wkh hhfwv ri lqgxfhg ryhuhgxfdwlrq dqg fuhghqwldolvp pd| eh frpsohphqwdu| wr
rwkhu/ h{lvwlqj h{sodqdwlrqv ri lqfuhdvhg lqhtxdolw|= vkrfnv lq wkh irup ri vnloo0eldvvhg
whfkqlfdo surjuhvv zlwk lqirupdwlrq whfkqrorj| dqg frpsxwhul}dwlrq dv wkh vrxufh ri wkh
vnloo eldv +h1j1 Uhlfk +4<<6,/ Ehupdq hw do +4<<7,/ Dxwru hw do +4<<;,/ Euhvqdkdq +4<<<,,>
wkh lpsdfw ri lqfuhdvhg wudgh dqg frpshwlwlrq iurp QLFv dqg OGFv +h1j1 Zrrg +4<<7,
Ohdphu +4<<7, dqg Ihhqvwud dqg Kdqvrq +4<<<,,> lqvwlwxwlrqdo fkdqjhv vxuurxqglqj
xqlrql}dwlrq dqg plqlpxp zdjhv +h1j1 Iuhhpdq +4<<6,/ GlQdugr hw do +4<<9, dqg Iruwlq
dqg Ohplhx{ +4<<:,,1 Lq wkh lqwhuhvw ri dqdo|wlfdo vlpsolflw| 0 dqg wr kljkoljkw wkh
srwhqwldo frqwulexwlrq ri lqgxfhg ryhuhgxfdwlrq 0 zh vkdoo dvvxph/ krzhyhu/ wkdw wkh
hfrqrp| lv forvhg/ wkdw doo whfkqlfdo fkdqjh lv Klfnv0qhxwudo lq lwv hhfwv rq glhuhqw
w|shv ri oderxu/ dqg wkdw wkh lqvwlwxwlrqdo vwuxfwxuh ri wkh oderxu pdunhw lv xqfkdqjlqj1
Wkxv/ zh h{foxgh e| dvvxpswlrq wkh idfwruv zklfk duh w|slfdoo| khog uhvsrqvleoh iru wkh
ulvh lq lqhtxdolw|1
Wkh phdvxuhphqw ri ryhuhgxfdwlrq dqg fuhghqwldolvp lqyroyhv pdq| gl!fxowlhv/ erwk
frqfhswxdo dqg hpslulfdo17 Wkhuh lv vwurqj hylghqfh/ krzhyhu/ wkdw wkh lqflghqfh ri
ryhuhgxfdwlrq lv vxevwdqwldo1 Dq lq xhqwldo vwxg| e| Vlfkhupdq +4<<4,/ iru lqvwdqfh/
uhsruwv wkdw 73 shufhqw ri XV zrunhuv duh ryhuhgxfdwhg lq wkh vhqvh wkdw wkh| kdg pruh
hgxfdwlrq wkdq uhtxluhg wr jhw wkhlu fxuuhqw mre> Khuvfk +4<<4, qgv ryhuhgxfdwlrq j0
xuhv udqjlqj iurp 5; wr :; shufhqw iru glhuhqw jurxsv ri zrunhuv lq d vdpsoh iurp
Ruhjrq/ dqg Ehzoh|*v +4<<;, vwxg| ri zdjh vwlfnlqhvv lq wkh Dphulfdq Qruwkhdvw gxulqj
wkh hduo| 4<<3v vkrzhg wkdw xqhpsor|hg ryhutxdolhg dssolfdqwv zhuh frpprq lq wkh
Qruwkhdvw gxulqj wkh uhfhvvlrq1 Wkh odeho dssolhv wr vhpl0vnloohg dqg vnloohg pdqxdo
zrunhuv dv zhoo dv wr whfkqlfldqv/ surihvvlrqdov dqg pdqdjhuv +s1 7;4,1 Lq wkh XN/
vhyhudo vwxglhv lqglfdwh wkdw derxw 63 shufhqw ri doo uhvsrqghqwv zhuh ryhuhgxfdwhg dqg
wkdw wkh jxuh pd| eh deryh 73 shufhqw dprqj wkrvh srvvhvvlqj pruh wkdq wkh orz0
hvw ohyho ri txdolfdwlrqv +Vordqh hw do +4<<<,/ Growrq dqg Yljqrohv +5333,/ Uljj hw do
+4<<3,,1 Vxppdul}lqj wkh hylghqfh/ Juhhq hw do +4<<</ s148, vxjjhvw wkdw ryhuhgxfd0
wlrq lv d zlghvsuhdg skhqrphqrq erwk lq Hxursh dqg wkh Xqlwhg Vwdwhv ri Dphulfd1
Xqghuhgxfdwlrq 0 zrunhuv zkr uhsruw kdylqj ohvv hgxfdwlrq wkdq uhtxluhg wr jhw wkh mre
7Juhhq hw do +4<<<, dqg Kduwrj +5333, glvfxvv vrph ri wkh lvvxhv lqyroyhg1
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0 dovr h{lvwv1 Txdqwlwdwlyho|/ prvw vwxglhv lqglfdwh wkdw derxw 43053 shufhqw ri doo zrun0
huv duh xqghuhgxfdwhg1 Wkh yhu| h{lvwhqfh ri xqghuhgxfdwlrq rq wklv vfdoh pd| lqglfdwh
fuhghqwldolvp= lw zrxog vhhp wr lpso| wkdw dowkrxjk hpsor|huv pd| zdqw zrunhuv zlwk
wkh uhtxluhg hgxfdwlrq/ wklv ohyho lv qrw qhhghg wr gr wkh mre1
Iurp wkh shuvshfwlyh ri wkh suhvhqw sdshu/ lw lv qrw phuho| wkh ohyhov/ exw dovr wkh
fkdqjhv lq wkh lqflghqfh ri ryhuhgxfdwlrq dqg fuhghqwldolvp wkdw duh fulwlfdo1 Zlwk lq0
gxfhg ryhuhgxfdwlrq/ d ulvh lq xqhpsor|phqw whqgv wr lqfuhdvh ryhuhgxfdwlrq1 Zkhq
lw frphv wr vkruw uxq  xfwxdwlrqv/ krzhyhu/ wklv hhfw pd| eh rvhw e| wkh hhfwv ri
glhuhqwldo oderxu krduglqj18 Olnh lqgxfhg ryhuhgxfdwlrq/ glhuhqwldo oderxu krduglqj
lpsolhv wkdw orz0vnloo zrunhuv duh dhfwhg glvsursruwlrqdwho| e| xqhpsor|phqw/ exw wkh
xqghuo|lqj phfkdqlvp dqg wkh hhfwv rq phdvxuhg ryhuhgxfdwlrq zloo eh glhuhqw1 Lq0
gxfhg ryhuhgxfdwlrq irfxvhv rq wkh hhfwv rq glhuhqw jurxsv ri zrunhuv ri sursruwlrqdo
fkdqjhv lq wkh qxpehu ri kljk0 dqg orz0vnloo mrev> glhuhqwldo oderxu krduglqj/ rq wkh
rwkhu kdqg/ vxjjhvwv wkdw whpsrudu| fkdqjhv lq ghpdqg zloo ohdg wr qrq0sursruwlrqdo
fkdqjhv lq wkh qxpehu ri mrev/ dqg zkhq kljk0vnloo zrunhuv lq orz0vnloo mrev duh odlg
r dv d uhvxow ri glhuhqwldo oderxu krduglqj/ wkhuh lv d whqghqf| iru ryhuhgxfdwlrq wr
ghfuhdvh1 D sulrul lw lv gl!fxow wr vd| zklfk ri wkhvh hhfwv zloo grplqdwh lq wkh vkruw
uxq19 Lq wkh phglxp whup/ krzhyhu/ glhuhqwldo krduglqj fhdvhv wr eh lpsruwdqw dqg
zh zrxog h{shfw d qhjdwlyh fruuhodwlrq ehwzhhq hpsor|phqw dqg ryhuhgxfdwlrq1
Lq wkh XN/ hylghqfh vxjjhvwv wkdw wkh lqflghqfh ri ryhuhgxfdwlrq lqfuhdvhg vwurqjo|
ehwzhhq wkh 4<:3v dqg 4<;3v +d shulrg ri ulvlqj xqhpsor|phqw, exw pd| kdyh vwdel0
ol}hg vlqfh wkh odwh 4<;3v +Juhhq hw do +4<<<,,1 Zlwk uhvshfw wr fuhghqwldolvp/ Uljj hw do
+4<<3, suhvhqw hylghqfh wr wkh hhfw wkdw lq wkh odwh 4<;3v/ 58 shufhqw ri XN hpsor|huv
kdg vxevwlwxwhg judgxdwhv iru qrq0judgxdwhv> rqo| derxw d wklug ri wkhvh mrev kdg ehhq
xsjudghg lq whupv ri frqwhqw1 Ixuwkhupruh/ lq wkh XN dq lqgh{ ri uhtxluhg txdol0
fdwlrqv urvh ehwzhhq 4<;9 dqg 4<<5/ exw wkhq ihoo voljkwo| gxulqj wkh shulrg ri idoolqj
xqhpsor|phqw iurp 4<<5 wr 4<<: +Juhhq hw do +5333,,1 Pruh jhqhudoo|/ Kduwrj*v +5333,
vxuyh| ri wkh olwhudwxuh uhsruwv dq lqfuhdvlqj lqflghqfh ri ryhuhgxfdwlrq +dqg ghfuhdvlqj
8Lw lv zhoo0nqrzq wkdw ehfdxvh ri glhuhqwldo oderxu krduglqj/  xfwxdwlrqv lq djjuhjdwh dfwlylw| fdq
ohdg wr  xfwxdwlrqv lq uhodwlyh oderxu ghpdqg dqg zdjh lqhtxdolw| +h1j1 Pxusk| dqg Zhofk +4<<5,,1
Hpslulfdo zrun vxssruwv wkh h{whqvlrq ri wkh dgyhuvh hhfwv ri xqhpsor|phqw rq lqfrph glvwulexwlrq
wr wlph0vfdohv eh|rqg vkruw0uxq  xfwxdwlrqv> h1j1 Eolqghu dqg Hvdnl +4<:;, dqg Mçqwwl +4<<7,1
9Wkhuh lv vrph hylghqfh wkdw glhuhqwldo oderxu krduglqj pd| grplqdwh lq wkh vkruw uxq1 Wkxv/
xvlqj Gxwfk gdwd iurp wkh 4<<3v/ Jdxwlhu +5333, uhsruwv wkdw wkh sursruwlrq ri kljk0vnloo zrunhuv lq
orz0vnloo srvlwlrqv idoov lq d uhfhvvlrq1 Wkh phdvxuh ri ryhuhgxfdwlrq zloo eh eldvvhg/ krzhyhu/ lqvridu
dv vrph zrunhuv lq kljk0vnloo mrev whpsrudulo| wdnh ryhu orz0vnloo wdvnv +Grhulqjhu dqg Slruh +4<:4,,1
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xqghuhgxfdwlrq, vlqfh wkh 4<:3v lq d qxpehu ri frxqwulhv1: Lq wkh XV/ wkh hylghqfh lv
dpeljxrxv1 Grhulqjhu dqg Slruh +4<:4, uhsruw wkh zlghvsuhdg xvh ri expslqj= odujh
Dphulfdq upv zlwk zhoo0ghyhorshg lqwhuqdo oderu pdunhwv/ wkh| dujxh/ uhvsrqg wr d
whpsrudu| ghfolqh lq ghpdqg e| od|lqj r xqvnloohg zrunhuv dqg ohwwlqj wkhlu vnloohg
zrunhuv wdnh ryhu xqvnloohg mrev1 Lq d orqjhu0whup shuvshfwlyh/ Zro +5333/ s1 5:, frq0
foxghv wkdw ehwzhhq 4<83 dqg 4<<3 wkhuh kdv ehhq d jurzlqj plvpdwfk ehwzhhq vnloo
uhtxluhphqwv ri wkh zrunsodfh dqg wkh hgxfdwlrqdo dwwdlqphqw ri wkh zrunirufh/ zlwk
wkh odwwhu lqfuhdvlqj pxfk pruh udslgo| wkdq wkh iruphu1 Gdo| hw do1 +5333,/ rq wkh
rwkhu kdqg/ qg d ghfolqh lq ryhuhgxfdwlrq ehwzhhq 4<:9 dqg 4<;81 Zlwk d udslg ulvh
lq dyhudjh |hduv ri vfkrrolqj/ krzhyhu/ ryhuhgxfdwlrq pd| lqfuhdvlqjo| wdnh wkh irup
ri d glvfuhsdqf| ehwzhhq dfwxdo dqg uhtxluhg txdolw| ri hgxfdwlrq> d irfxv rq |hduv ri
vfkrrolqj zloo idlo wr uhjlvwhu dq| ryhuhgxfdwlrq li/ iru lqvwdqfh/ PLW judgxdwhv dffhsw
mrev zklfk rwkhuzlvh frxog dqg zrxog kdyh ehhq oohg e| judgxdwhv iurp orfdo froohjhv1;
Wkh uhpdlqghu ri wklv sdshu lv lq 7 vhfwlrqv1 Vhfwlrq 5 vhwv rxw d vwdqgdug prgho
lq zklfk eldvvhg whfkqlfdo surjuhvv lv qhhghg lq rughu wr jhqhudwh lqfuhdvhv lq erwk wkh
uhodwlyh zdjh dqg wkh uhodwlyh hpsor|phqw ri vnloohg zrunhuv1 Vhfwlrq 6 h{dplqhv wkh lp0
solfdwlrqv ri lqwurgxflqj wkh dv|pphwu| ehwzhhq wkh mre rswlrqv ri vnloohg dqg xqvnloohg
zrunhuv1 Zlwk wkh dvvxpswlrq wkdw dq| whfkqlfdo fkdqjh lv sxuho| Klfnv0qhxwudo/ zh
ghulyh wkh lpsolfdwlrqv ri fkdqjhv lq wkh hpsor|phqw sdwwhuq iru zdjh lqhtxdolw|/ erwk
ehwzhhq dqg zlwklq vnloo fdwhjrulhv1 Vhfrqgo|/ zh vkrz wkdw iru sodxvleoh sdudphwhu ydo0
xhv/ wkh suhglfwlrqv ri wkh prgho duh eurdgo| frqvlvwhqw zlwk wkh hpslulfdo hylghqfh iru
erwk XV dqg Jhupdq|1 Vhfwlrq 7 hqgrjhql}hv wkh fkdqjhv lq hpsor|phqw1 Lw lv vkrzq
wkdw d ghfolqh lq Klfnv0qhxwudo whfkqlfdo fkdqjh pd| surgxfh dq lqfuhdvh lq wkh uhodwlyh
hpsor|phqw ri vnloohg zrunhuv/ lq frpelqdwlrq zlwk lqfuhdvhg zdjh glvsdulwlhv1 Xvlqj
wkh fkrvhq vshflfdwlrq ri wkh vxsso| vlgh ri wkh oderxu pdunhw/ wkh prgho fdq pdwfk
:Lq wkhlu phwd0dqdo|vlv ri 58 vwxglhv ri ryhuhgxfdwlrq/ Jurrw dqg Pddvvhq ydq ghq Eulqn +5333/ s1
486, vxjjhvw wkdw wkh lqflghqfh ri ryhuhgxfdwlrq dsshduv wr kdyh ghfolqhg1 Wklv frqfoxvlrq/ edvhg rq
udz dyhudjhv/ lv frqwudglfwhg e| wkhlu rzq uhjuhvvlrq uhvxowv/ zklfk frqwuro iru vrph ri wkh glhuhqfhv
dfurvv vwxglhv zlwk uhvshfw wr/ lqwhu dold/ wkh ghqlwlrq ri ryhuhgxfdwlrq +Wdeoh 6,1 Jurrw dqg Pddvvhq
ydq ghq Eulqn dovr vxjjhvw +Wdeoh 7, wkdw wkh lqflghqfh ri ryhuhgxfdwlrq lv xquhodwhg wr xqhpsor|phqw1
D vlpsoh furvv0vhfwlrq dqdo|vlv ri wkh uhvxowv rewdlqhg lq vwxglhv iurp d qxpehu ri glhuhqw frxqwulhv
vd|v olwwoh/ krzhyhu/ derxw wkh wlph0vhulhv hhfwv ri fkdqjhv lq xqhpsor|phqw1
;Growrq dqg Yljqrohv +5333, srlqw rxw wklv sureohp dqg uhsruw wkdw/ lq wkh XN/ judgxdwhv zlwk d
kljkhu txdolw| hgxfdwlrq/ l1h1 wkrvh zkr dwwhqghg xqlyhuvlwlhv +udwkhu wkdq sro|whfkqlfv 0 vhh Dsshqgl{
E, dqg wkrvh kdylqj ehwwhu ghjuhh judghv zhuh ohvv olnho| wr eh ryhuhgxfdwhg zkhq ryhuhgxfdwlrq lv
ghqhg dv d judgxdwh zrunlqj lq d mre wkdw grhv qrw uhtxluh d judgxdwh ghjuhh +Growrq dqg Yljqrohv
+5333/ s1 4;6,,1
8
wkh revhuyhg fkdqjhv lq wkh sdwwhuqv ri hpsor|phqw dqg lqhtxdolw| lq XV/ exw qrw lq
Jhupdq|1 Vhfwlrq 8 frqwdlqv d ihz frqfoxglqj uhpdunv1 Doo surriv kdyh ehhq froohfwhg
lq Dsshqglfhv1
5 D vwdqgdug ylhz
Iru vlpsolflw|/ dvvxph wkdw wkhuh duh rqo| wzr nlqgv ri zrunhuv/ kljk0vnloohg dqg orz0
vnloohg/ dqg wkdw wkh vxssolhv ri wkhvh wzr w|shv ri oderxu duh nhsw frqvwdqw dw M dqg u/
uhvshfwlyho|1 Ixuwkhupruh/ ohw wkh surgxfwlrq ixqfwlrq ri wkh uhsuhvhqwdwlyh up h{klelw
frqvwdqw uhwxuqv wr vfdoh zlwk uhvshfw wr wkhvh wzr oderxu lqsxwv</
t ’ 8 EM c u +4,
zkhuh t lv rxwsxw> M dqg u ghqrwh lqsxw ri kljk0 dqg orz0vnloohg oderxu/ uhvshfwlyho|/
dqg zkhuh fkdqjhv lq wkh pxowlsolfdwlyh frqvwdqw  ghvfuleh Klfnv0qhxwudo whfkqlfdo








( sM 	 f +5,
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( su : f +6,
zkhuh 8 dqg 82 duh wkh sduwldo ghulydwlyhv ri 8 1 Wkh sursruwlrqdolw| idfwru6 lv jlyhq e|
6 ’ n _ *L}
_ *L}t   zklfk uhgxfhv wr 6 ’  lq wkh vlpsoh fdvh zlwk shuihfwo| frpshwlwlyh









( 	 f +7,
<Wkh dvvxpswlrqv ri olqhdu krprjhqhlw| dqg wkh devhqfh ri rwkhu lqsxwv fdq eh uhod{hg1 Frqvlghu d
jhqhudo vshflfdwlrq
\ @ D#+QK > QO> ],
zkhuh ] lv d yhfwru ri rwkhu lqsxwv1 Wkh dqdo|vlv zrxog jr wkurxjk vxevwdqwldoo| xqfkdqjhg rq wkh
zhdnhu dvvxpswlrqv wkdw
+l, # lv vhsdudeoh lq +QK > QO, dqg ] vr wkdw wkh surgxfwlrq ixqfwlrq fdq eh uhzulwwhq
\ @ D* ++QK > QO,> ],
dqg
+ll, wkh ixqfwlrq > zklfk djjuhjdwhv wkh wzr w|shv ri oderxu lqsxw/ lv krprwkhwlf1
9
Htxdwlrqv +4, wr +7, ghvfuleh wkh ghpdqg iru oderxu dqg/ lq wkh whuplqrorj| ri Fduolq
dqg Vrvnlfh +4<<3,/ htxdwlrqv +5,0+6, jlyh wkh sulfh0ghwhuplqhg uhdo zdjhv iru wkh wzr
jurxsv ri zrunhuv1 Vlqfh wkh wrwdo vxssolhv ri kljk0 dqg orz0vnloohg oderxu duh dvvxphg








u : f +9,
Vrph lpsolfdwlrqv ri wklv vwdqgdug prgho duh vxppdul}hg lq Sursrvlwlrq 41
Sursrvlwlrq 4 Htxdwlrqv +4,0+9, ghwhuplqh d xqltxh htxloleulxp vroxwlrq1 Wklv htxl0
oleulxp vroxwlrq/ +WM c 
W
uc E‘M* 
W c E‘u* 
W,/ kdv wkh iroorzlqj surshuwlhv=
+l, dq dgyhuvh/ Klfnv0qhxwudo surgxfwlylw| vkrfn +d ghfuhdvh lq , ru dq lqfuhdvh lq
wkh prqrsro| pdunxs +d ghfuhdvh lq 6, ohdgv wr d ghfolqh lq doo irxu yduldeohv1
+ll, dq xszdug vkliw lq wkh edujdlqhg uhdo zdjh fxuyh +dq lqfuhdvh lq , dovr fdxvhv
WM dqg 
W
u wr gurs exw lq wklv fdvh E‘M* 
W dqg E‘u* 
W pxvw hlwkhu uhpdlq xq0
fkdqjhg ru fkdqjh lq rssrvlwh gluhfwlrqv1
+lll, fkdqjhv lq c6 ru  zloo fdxvh uhodwlyh hpsor|phqw +WM*
W
u, dqg uhodwlyh
zdjh udwhv +‘ WM*‘
W
u, wr fkdqjh lq rssrvlwh gluhfwlrqv1 Wklv uhvxow lv lqghshqghqw ri wkh
vshflfdwlrq ri wkh htxdwlrqv iru wkh edujdlqhg uhdo zdjh1
Lw iroorzv iurp Sursrvlwlrq 4 +lll, wkdw lq wklv vwdqgdug vhw0xs rqh qhhgv wr lqwurgxfh
vnloo0eldvvhg whfkqlfdo fkdqjh +wkdw lv/ vkliwv lq wkh 0ixqfwlrq lq +7,, lq rughu wr rewdlq
d sdwwhuq wkdw wv wkh vw|ol}hg idfwv ri d ulvh lq erwk ‘M*‘u dqg M*u
6 Wkh vnloo dv|pphwu|
Wkh dv|pphwu| ehwzhhq wkh rswlrqv ri kljk0 dqg orz0vnloohg zrunhuv fdq eh fdswxuhg
e| d uhirupxodwlrq ri wkh prgho1 Dv ehiruh/ ohw wkh frqvwdqw vxssolhv ri kljk0 dqg orz0
vnloohg zrunhuv eh M dqg u/ dqg dvvxph wkdw surgxfwlrq uhtxluhv wkh shuirupdqfh ri
erwk vnloohg dqg xqvnloohg wdvnv1 Kljk0vnloohg zrunhuv/ krzhyhu/ pd| qrz eh hpsor|hg
lq hlwkhu vnloohg ru xqvnloohg mrev1 Dojheudlfdoo|/
M ’ M nuM n LM ’ MA n LM +:,
43Lq rughu wr hqvxuh wkdw QK  K dqg wkdw QO  O lw lv dvvxphg wkdw j
K $ 4 iru QK $ K dqg
wkdw jO $4 iru QO $ O=
:
u ’ uu n Lu +;,
u ’ uu nuM +<,
zkhuh M dqg uM duh wkh hpsor|phqw ri kljk0vnloo zrunhuv lq vnloohg dqg xqvnloohg
mrev/ uhvshfwlyho|/ dqg MA ’ M n uM lv wrwdo hpsor|phqw ri kljk0vnloo zrunhuv>
uu lv wkh hpsor|phqw ri xqvnloohg zrunhuv lq xqvnloohg mrev/ dqg LM dqg Lu ghqrwh
xqhpsor|phqw ri vnloohg dqg xqvnloohg zrunhuv1 Zlwk wkhvh ghqlwlrqv/ wkh vshflfdwlrq
ri wkh surgxfwlrq ixqfwlrq/ htxdwlrq +4,/ uhpdlqv ydolg1
Wkh frpsrvlwlrq ri xqvnloohg hpsor|phqw frxog eh ghwhuplqhg lq d qxpehu ri zd|v
dqg zh vkdoo xvh d sduwlfxoduo| vlpsoh irupxodwlrq=
uM ’ b EM M ( f  b   +43,
Htxdwlrq +43, vd|v wkdw d frqvwdqw iudfwlrq b ri wkrvh vnloohg zrunhuv zkr idlo wr jhw
d vnloohg mre zloo qg dqg dffhsw xqvnloohg hpsor|phqw144 Wklv vshflfdwlrq pdnhv lw
vwudljkwiruzdug wr frqvlghu wkh lpsolfdwlrqv ri glhuhqw ydoxhv ri b ehwzhhq }hur dqg
rqh1 Lw zrxog eh xvhixo/ krzhyhu/ wr kdyh vrph lghd ri wkh uhohydqw udqjh ri b0ydoxhv1
Rqh dssurdfk wr wklv txhvwlrq lv wr qrwh wkdw wkh wrwdo vxsso| ri oderxu iru xqvnloohg
mrev fdq eh irxqg dv wkh vxp ri wkh xqvnloohg oderxu irufh dqg wkrvh vnloohg zrunhuv zkr
idlo wr jhw vnloohg mrev1 Iurp wklv wrwdo srro/ wkh sursruwlrq > ’ u* EunM M qg
xqvnloohg zrun1 Li wkh hpsor|phqw suredelolw| ri kljk0vnloo zrunhuv lv dw ohdvw dv kljk
dv wkdw ri orz0vnloo zrunhuv/ zh zrxog wkhq kdyh uu  >u dqg uM ’ bEM  M 
>EM  M1 Lw iroorzv wkdw wkh hpsor|phqw udwh iru orz0vnloohg zrunhuv jlyhv d orzhu
44Dv orqj dv vnloohg zrun lv suhihuuhg wr xqvnloohg/ QOK vkrxog ghshqg lqyhuvho| rq QK 1 Exw iru wkrvh
vnloohg zrunhuv zkr idlo wr jhw vnloohg mrev/ wkh dwwudfwlyhqhvv ri xqvnloohg zrun zloo ghshqg lqyhuvho| rq
wkh uhodwlyh zdjh ZK@ZO zkloh/ iru d jlyhq QK / wkh hdvh ri jhwwlqj xqvnloohg zrun zloo eh srvlwlyho|
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Wkh qhw hhfw ri QO@QK rq QOK lv dpeljxrxv/ krzhyhu/ dqg wkh ehqfkpdun vshflfdwlrq lq +43,
dvvxphv wkdw wkh hhfwv ri QO@QK dqg k +QK@QO, fdqfho rxw dqg wkdw QOK lv ixoo| ghwhuplqhg e|
QK =
QOK @ ! +QK, >! +K, @ 3>4 ? !
3 ? 3
Zlwk d olqhdu vshflfdwlrq ri ! +QK,/ htxdwlrq +43, lv qrz rewdlqhg1
;
erxqg rq b dqg/ xvlqj sodxvleoh xqhpsor|phqw dqg sduwlflsdwlrq udwhv/ lpsolhv b0ydoxhv
ri dw ohdvw 3191
Wkh hpslulfdo hylghqfh rq wkh lqflghqfh ri ryhuhgxfdwlrq fdq eh xvhg wr ghulyh dq
dowhuqdwlyh hvwlpdwh ri wkh rughu ri pdjqlwxgh ri b1 Wkxv/ li lw lv dvvxphg 0 lq olqh zlwk
wkh hylghqfh 0 wkdw dw ohdvw 63 shufhqw ri doo zrunhuv duh ryhuhgxfdwhg dqg li M ’ u
wkhq wkh olqhdu vshflfdwlrq lq +43, lpsolhv d b0ydoxh ri ryhu 31; iru sodxvleoh ydoxhv ri
wkh hpsor|phqw udwhv145 Wkxv/ wkh glhuhqw dssurdfkhv vxjjhvw b0ydoxhv vrphzkhuh lq
wkh udqjh iurp 318 wr rqh1
Htxdwlrqv +5,0+7,/ zklfk duh ghulyhg iurp upv* pd{lpl}dwlrq sureohp/ vwloo krog li
‘M ghqrwhv wkh zdjh udwh sdlg iru vnloohg zrun/ dv rssrvhg wr wkh dyhudjh zdjh uhfhlyhg





Zdjh lqhtxdolw| lq wklv vhw0xs wdnhv wzr irupv1 Lqhtxdolw| ehwzhhq vnloo fdwhjrulhv lv
fdswxuhg e| wkh udwlr ‘M*‘u zkloh wkh glvshuvlrq ri zdjhv dprqj kljk0vnloo zrunhuv

















Wkh zdjh htxdwlrqv +8,0+9,/ qdoo|/ zloo qhhg wr eh prglhg1 Zh vkdoo uhwxuq wr wklv
lvvxh lq vhfwlrq 7 exw iru wkh prphqw wdnh fkdqjhv lq revhuyhg hpsor|phqw udwhv iru
kljk dqg orz0vnloo zrunhuv dv h{rjhqrxvo| jlyhq1 Wkh lpsolfdwlrqv ri vxfk fkdqjhv lq
MA dqg uu iru M c uc‘M*‘u dqg j duh vxppdul}hg lq Sursrvlwlrq 51
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Zlwk K @ O wkh vhfrqg whup rq wkh uljkw kdqg vlgh lv xqolnho| wr eh ohvv wkdq 481 Lw iroorzv wkdw  zloo
h{fhhg 7=8@8=8 r 3=;5=
<
dqg zh kdyh wkh iroorzlqj h{suhvvlrqv iru _ *L}M/ _ *L}u/ _ *L}
`M
`u



































































lv wkh lqyhuvh ri wkh hodvwlflw| ri vxevwlwxwlrq1
Zlwk wkh lqwurgxfwlrq ri d vnloo dv|pphwu| dqg wkh dvvxpswlrq wkdw vrph kljk0vnloo
zrunhuv kdyh orz0vnloo mrev/ wkh udwlrv M*u dqg MA*uu pd| pryh lq rssrvlwh
gluhfwlrqv dqg d vnloo eldv pd| qr orqjhu eh qhhghg wr h{sodlq wkh vlpxowdqhrxv lqfuhdvh
lq uhodwlyh hpsor|phqw dqg uhodwlyh zdjhv1 Wkh vrphzkdw frpsolfdwhg h{suhvvlrq iru
_ *L}‘M*‘u lq Sursrvlwlrq 5 uh hfwv wklv edvlf uhvxow1 Exw lv wklv orjlfdo srvvlelolw|
olnho| wr eh hpslulfdoo| uhohydqwB
Pryhphqwv lq wkh vdph gluhfwlrq iru uhodwlyh hpsor|phqw dqg uhodwlyh zdjhv kdyh
ehhq vhhq dv hylghqfh ri lqfuhdvlqj vnloo eldv1 Lq wkh sdvw/ vxssrvhgo|/ wkh wuhqg lqfuhdvh
lq wkh ghpdqg iru vnloov zdv pdwfkhg e| d wuhqg lqfuhdvh lq vxsso|> lq wkh pruh uhfhqw
shulrg/ lw lv fodlphg wkdw wkh ghpdqg iru vnloov kdv rxwjurzq vxsso| dv d uhvxow ri dq
lqfuhdvh lq vnloo eldv1 Frpprq wuhqgv lq wkh ghpdqg dqg vxsso| iru vnloov duh qrw
uhohydqw wr wkh suhvhqw dujxphqw1 Wr vlpsoli| wkh h{srvlwlrq zh kdyh wkhuhiruh dvvxphg
d frqvwdqw vnloo frpsrvlwlrq ri wkh zrun irufh +wkdw lv/ frqvwdqw ydoxhv ri M dqg u/ wkxv
uhprylqj wkh wuhqg lqfuhdvh lq wkh vxsso| ri vnloov, dqg kdyh wdnhq Klfnv0qhxwudo whfkqlfdo
fkdqjh dv wkh vwdqgdug sdwwhuq +wkxv uhprylqj wkh wuhqg lqfuhdvh lq wkh ghpdqg iru
vnloov,1
Li zh orrn dw wkh jxuhv iru phq dqg wdnh orz vnloo wr phdq orzhu vhfrqgdu| hgxfdwlrq





lqfuhdvhg e| derxw 4: dqg 54 shufhqw/ uhvshfwlyho|/ lq wkh XV ehwzhhq 4<:3 dqg 4<<3






lqwr d 6 shufhqw ghfolqh lq MA
M
frpelqhg zlwk d 53 shufhqw ghfolqh lq uu
u
 Ixuwkhupruh/
wkh lqlwldo ydoxhv ri wkh hpsor|phqw udwhv zhuh MA
M
’ fbe dqg uu
u
’ fHD/ wkh vxssolhv
ri kljk dqg orz vnloo zhuh urxjko| htxdo/ dqg wkh lqlwldo ydoxh ri ‘M*‘u zdv derxw 2
+RHFG 4<<7/ Wdeohv 419 dqg 4149/ Fkduw 815,1 Xvlqj htxdwlrqv +48,0+49, wkhvh qxpehuv
lpso| wkdw


















dqg zh jhw wkh iroorzlqj wdeoh/ zklfk olvwv wkh fkdqjhv lq M dqg u iru glhuhqw ydoxhv
ri b1
Wdeoh 4= Fkdqjhv lq _ *L}M dqg _ *L}u
xvlqj vw|ol}hg XV gdwd dqg glhuhqw ydoxhv ri b
_ *L} q b 318 319 31: 31; 31<
_ *L}M 031397 0313;6 03144; 031534 031:38
_ *L}u 031489 031469 031438 031385 31393
Dv lqglfdwhg e| Wdeoh 4/ b0ydoxhv deryh f. lpso| wkdw M*u zloo ghfolqh ghvslwh




1 Lw lv wkh udwlr M*u zklfk 0 yld htxdwlrq +7,
0 ghwhuplqhv wkh fkdqjh lq ‘M*‘uc exw vlqfh vrph vnloohg zrunhuv kdyh pryhg lqwr
xqvnloohg mrev/ dq lqfuhdvh lq ‘M*‘u grhv qrw qhfhvvdulo| lpso| wkdw wkh dyhudjh zdjh
ri vnloohg zrunhuv zloo kdyh jrqh xs uhodwlyh wr wkh xqvnloohg zdjh1
Wxuqlqj wr wkh phdvxuhv ri zdjh lqhtxdolw|/ htxdwlrqv +4:,0+4;,/ lq frpelqdwlrq zlwk
wkh uhvxowv lq Wdeoh 4/ doorz xv wr fdofxodwh wkh suhglfwhg fkdqjhv lq ‘M*‘u dqg j
iru glhuhqw ydoxhv ri b dqg #1 Dv dujxhg deryh/ zh h{shfw b wr olh ehwzhhq 318 dqg
rqh1 Ixuwkhupruh/ rqh zrxog h{shfw d uhodwlyho| kljk ydoxh iru wkh  h{leoh XV oderxu
pdunhw dqg uhodwlyho| orz ydoxhv iru Hxurshdq oderxu pdunhwv/ zklfk duh vxssrvhgo|
fkdudfwhul}hg e| vkdushu dqg pruh uljlg ghpdufdwlrqv ri vnloo erxqgdulhv1 Wkh hodvwlflw|
ri vxevwlwxwlrq ehwzhhq orz0 dqg kljk0vnloo wdvnv lv olnho| wr eh ehorz xqlw|/ dqg zh
frqvlghu ydoxhv ri # 0 wkh lqyhuvh ri wkh hodvwlflw| ri vxevwlwxwlrq 0 iurp 4 wr 7146
46Doo hvwlpdwhv ri wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq glhuhqw vnloo fdwhjrulhv lq Fdug hw do +4<<<,
duh yhu| orz +dqg lq vrph fdvhv qhjdwlyh,1 Pxusk| dqg Zhofk +4<<5, suhvhqw hvwlpdwhv ri wkh hodvwlflwlhv
ri frpsohphqwdulw| +zklfk duh forvho| uhodwhg wr K dqg O, zklfk vxjjhvw 0ydoxhv lq wkh 406 udqjh
ehwzhhq kljk vfkrro dqg froohjh judgxdwhv1 Ndw} dqg Pxusk| +4<<5,/ rq wkh rwkhu kdqg/ hvwlpdwh dq
44
Wdeoh 5= _ *L} `M
`u
dqg _ *L} j xvlqj vw|ol}hg XV gdwd
dqg glhuhqw ydoxhv ri b dqg #
_ *L} `M
`u
bq# 4 5 6 7
318 031438 0314<7 0315;6 0316:4
319 0313:8 031459 0314:9 031559
31: 03135< 03134; 031339 31338
31; 31387 314;4 3163; 31768
31< 31588 31:45 4149< 41959
_ *L} j
bq# 4 5 6 7
318 31487 31393 031368 031463
319 314<6 3146; 313;5 31359
31: 31593 315:6 315;9 315<<
31; 3173; 318:< 31:83 31<53
31< 414;; 51594 61668 7173<
Wdeoh 5 vkrzv wkdw iru b ’ fH wkh revhuyhg fkdqjh ri derxw 53 shufhqw lq wkh zdjh
udwlr ‘M*‘u fdq eh ixoo| dffrxqwhg iru e| wkh revhuyhg fkdqjhv lq hpsor|phqw li #
lv mxvw deryh 51 Wkh suhglfwhg sursruwlrqdo fkdqjh lq wkh zdjh glvshuvlrq iru vnloohg
zrunhuv wkhq ehfrphv derxw 93 shufhqw1 Wklv jxuh pd| vhhp kljk exw lq idfw lw wv
wkh revhuyhg lqfuhdvh lq wkh zlwklq hgxfdwlrq dqg h{shulhqfh glvshuvlrq ri zdjhv txlwh
zhoo +Zhofk 4<<<,1 Wkxv/ zlwk wkhvh sdudphwhu ydoxhv/ wkhuh zrxog eh qr qhhg wr lqyrnh
vnloo0eldvhv ru rwkhu h{sodqdwlrqv1 Orzhu ydoxhv ri b dqg # uhgxfh wkh iudfwlrq ri wkh
revhuyhg fkdqjh wkdw lv dffrxqwhg iru1
Lw pd| eh lqwhuhvwlqj wr gr wkh dqdorjrxv fdofxodwlrqv iru Jhupdq|1 Wkh Jhupdq
hfrqrp| lv frpprqo| eholhyhg wr kdyh d uljlg oderxu pdunhw 0 zklfk zrxog vxjjhvw d
orzhu ydoxh ri wkh sdudphwhu b wkdq lq wkh XV47 0 dqg wkh fkdqjhv lq zdjh lqhtxdolw| dovr





e| derxw 43 shufhqw exw 0 lq frqwudvw wr wkh XV 0 vnloohg zrunhuv glg qrw lqfuhdvh wkhlu
uhodwlyh zdjhv= wkh zdjh udwlr ‘M*‘u ghfolqhg e| 6 shufhqw +RHFG 4<<7/ Wdeohv 419/
4143/ 4149,148
Xvlqj Jhupdq vw|ol}hg idfwv/49 zh jhw wkh uhvxowv lq Wdeoh 61
hodvwlflw| ri vxevwlwxwlrq ri 417 exw wkhpvhoyhv h{suhvv vnhswlflvp vlqfh wkh hvwlpdwh lv uhfryhuhg iurp
58 qrq0lqghshqghqw wlph vhulhv revhuydwlrqv1 Vlqfh wkhvh hvwlpdwhv duh edvhg rq wkh dvvxpswlrq wkdw
QKW @ QK dqg QOO @ QO> wkh| doo pd| eh eldvhg li wkhuh lv vljqlfdqw ryhuhgxfdwlrq/ dv prghoohg lq
wklv sdshu1
47Frqvlvwhqw zlwk wklv h{shfwdwlrq/ Gdo| hw do1 +5333/ s1 4:5, uhsruw wkdw Jhupdq phq duh derxw
kdoi dv olnho| wr eh ryhuhgxfdwhg dqg derxw 93( ohvv olnho| wr eh xqghuhgxfdwhg wkdq zrunlqj phq lq
wkh Xqlwhg Vwdwhv1 Wkh vdph sdwwhuq krogv iru Jhupdq zrphq1
48Wkh jxuhv rq zdjh pryhphqwv duh vxemhfw wr frqvlghudeoh xqfhuwdlqw|1 Vrph vrxufhv vxjjhvw d
vpdoo lqfuhdvh lq zdjh lqhtxdolw| +h1j Qlfnhoo dqg Ehoo +4<<9,,1
49Zh xvh QKW@K @ 3=<9/ QOO@O @ 3=<4 dqg ZK@ZO @ 5 dv wkh lqlwldo ydoxhv dqg dvvxph K @ O1
45
Wdeoh 6= _ *L} `M
`u
dqg _ *L} j xvlqj vw|ol}hg Jhupdq gdwd
dqg glhuhqw ydoxhv ri b dqg #
_ *L} `M
`u
bq# 4 5 6 7
318 03136; 03138< 0313;3 031435
319 031346 031334 31344 31355
31: 3135: 313<5 3148; 31556
31; 31434 3159< 3176; 3193:
31< 315;: 31:7: 4153: 4199:
_ *L} j
bq# 4 5 6 7
318 31685 31663 3163: 315;8
319 316;: 316<< 31744 31757
31: 31778 3184; 318<3 31996
31; 318:4 31::7 31<:9 414:;
31< 4138< 41:<8 51864 6159;
Wkxv/ zlwk dq #0ydoxh ri 5/ d shuihfw w zlwk wkh revhuyhg fkdqjh ri derxw ff lv
rewdlqhg iru d b0ydoxh ehwzhhq fD dqg fS1 Wkh sursruwlrqdo fkdqjh lq wkh glvshuvlrq
ri zdjhv iru kljk0vnloo zrunhuv lq wklv fdvh lv derxw 68 shufhqw1
Dowkrxjk idu iurp frqfoxvlyh/ wkhvh fdofxodwlrqv lqglfdwh wkdw wkh hhfwv ri vnloo
dv|pphwulhv dqg lqgxfhg fkdqjhv lq ryhuhgxfdwlrq fdq eh txdqwlwdwlyho| lpsruwdqw= wkh
revhuyhg fkdqjhv lq uhodwlyh zdjhv dqg hpsor|phqw frxog eh h{sodlqhg zlwkrxw uhfrxuvh
wr eldvvhg whfkqlfdo surjuhvv/ xvlqj zkdw dsshdu wr eh sodxvleoh sdudphwhu ydoxhv1
7 Hqgrjhql}lqj fkdqjhv lq hpsor|phqw
Rxu h{srvlwlrq ri wkh vwdqgdug ylhz lq vhfwlrq 5 ghulyhg htxloleulxp ydoxhv iru zdjhv
dqg hpsor|phqw1 Lq vhfwlrq 6/ e| frqwudvw/ zh uhwdlqhg wkh vshflfdwlrq ri wkh ghpdqg
vlgh ri wkh oderxu pdunhw +wkdw lv/ htxdwlrqv +4,0+7, vwloo krog, exw wrrn wkh fkdqjhv lq
Vnloohg hpsor|phqwQKW@K ihoo e| 6 suhfhqw zkloh xqvnloohg hpsor|phqwQOO@O gursshg e| 45 shufhqw1
Qrwh wkdw wkh uhodwlyh hpsor|phqw shuirupdqfh iru orz vnloo zrunhuv lq wkh XV lv zruvh wkdq lq
Jhupdq|1 Wkh XV grhv ehwwhu li rqh orrnv dw xqhpsor|phqw udwhv= XV xqhpsor|phqw dprqj orz0vnloo
pdoh zrunhuv lqfuhdvhg iurp 713 shufhqw wr <1: shufhqw ehwzhhq 4<:3 dqg 4<;< zkloh wkh Jhupdq udwh
lqfuhdvhg iurp 714 shufhqw wr 4719 shufhqw ehwzhhq 4<:; dqg 4<;:1 Sduwlflsdwlrq udwhv pryhg yhu|
glhuhqwo|/ krzhyhu1 Lq wkh XV lw soxpphwhg iurp ;<16 shufhqw wr :81< shufhqw zkloh wkh Jhupdq
sduwlflsdwlrq udwh uhpdlqhg doprvw frqvwdqw vkrzlqj d vpdoo ghfolqh iurp <619 shufhqw lq 4<:; wr <419
shufhqw lq 4<;:1 Wkhvh jxuhv iru Jhupdq| dqg wkh XV vkrxog eh frpsdudeoh lq wkh vhqvh wkdw wkh
sursruwlrqv ri wkh oderxu irufh lq wkh orz0 dqg kljk0vnloo fdwhjrulhv zhuh urxjko| wkh vdph iru wkh
wzr frxqwulhv1 Iru wkh orz0vnloo fdwhjru| wkh qxpehuv zhuh derxw 53 dqg 56 shufhqw/ uhvshfwlyho|/ lq
4<:;2:<> wkh fruuhvsrqglqj kljk0vnloo qxpehuv zhuh derxw 43 dqg 57 shufhqw1 +Lq frpsdulvrq/ derxw
:< shufhqw ri wkh XN oderxu irufh zdv lq wkh orz vnloo fdwhjru| dffruglqj wr wkh RHFG1,
46
wkh hpsor|phqw ri kljk dqg orz0vnloohg zrunhuv/ MA dqg uu dv h{rjhqrxv1 Zh qrz
hqgrjhql}h wkhvh fkdqjhv e| lqfrusrudwlqj wkh vxsso| vlgh ri wkh oderxu pdunhw1
Wkh vnloo dv|pphwu| lpsolhv wkdw htxdwlrqv +8,0+9, zloo kdyh wr eh prglhg1 Htxdwlrq
+8,/ uvw/ vkrxog doorz iru wkh idfw wkdw grzqzdug suhvvxuh rq wkh vnloohg zdjh zloo frph
iurp wzr vrxufhv= xqhpsor|hg kljk0vnloo zrunhuv dqg kljk0vnloo zrunhuv lq xqvnloohg
mrev1 Ghshqglqj rq wkh xqvnloohg zdjh/ krzhyhu/ xqvnloohg hpsor|phqw lv olnho| wr eh
suhihudeoh wr xqhpsor|phqw1 Wkxv/ iru dq| jlyhq ohyho ri vnloohg hpsor|phqw/ wkh vnloohg
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Wklv w|sh ri htxdwlrq frxog eh ghulyhg xvlqj d ydulhw| ri prghov iru wkh oderxu pdunhw1
D vlpsoh dujxphqw edvhg rq h!flhqf| zdjh frqvlghudwlrqv uxqv dv iroorzv1
Dvvxph wkdw wkhuh duh wzr srvvleoh hruw ohyhov/ 3 dqg 4/ dqg wkdw d kljk0vnloo zrunhu



















c K(C : fc C2 : fc C : fc Ce : fc CD : f +56,
zkhuh wkh h{shfwhg lqfrph lq fdvh ri glvplvvdo 0 uhsuhvhqwhg e| wkh C0ixqfwlrq 0 lv
ghwhuplqhg e| wkh ohyho ri xqhpsor|phqw ehqhwv +K,/ wkh zdjh udwhv lq rwkhu kljk0




, dqg wkh shufhlyhg suredelolwlhv ri jhwwlqj dqrwkhu/ kljk0





pd{lpl}lqj up zloo vhw lwv zdjh vxfk wkdw +56, lv vdwlvhg zlwk htxdolw|/ dqg lq d






xqhpsor|phqw ehqhwv 0 zklfk duh dvvxphg frqvwdqw 0 zh jhw dq h{suhvvlrq olnh +55,
iru wkh uhdo zdjh1






( }u : f +57,
Htxdwlrq +57, fdq eh jlyhq dq h!flhqf| zdjh lqwhusuhwdwlrq dorqj wkh vdph olqhv dv +55,
deryh= orz0vnloo zrunhuv vklun xqohvv wkhlu uhdo zdjh h{fhhgv wkhlu h{shfwhg lqfrph lq
4:Dv lq wkh suhylrxv vhfwlrq/ frqglwlrqv pxvw eh lpsrvhg lq rughu wr hqvxuh wkdw QK  K dqg wkdw
QO  O1 Khuh wkh frqglwlrqv wdnh wkh irup= j
K+QK > 3> 3, $ 4 iru QK $ K dqg j
O+QOO, $ 4 iru
QOO $ O1
47
fdvh ri glvplvvdo e| d fhuwdlq pdujlq1 Wkh h{suhvvlrq lv vlpsohu wkdq lq +55,/ vlqfh wkh
h{shfwhg lqfrph ri d orz0vnloo zrunhu grhv qrw ghshqg rq zdjhv dqg hpsor|phqw udwhv
lq kljk0vnloo mrev1
Wklv h!flhqf| zdjh dujxphqw udwlrqdol}hv +57, zlwk uhvshfw wr wkh uhdo zdjh sdlg
wr orz0vnloo zrunhuv lq xqvnloohg mrev1 E| dvvxpswlrq/ krzhyhu/ vrph kljk0vnloo zrunhuv
kdyh xqvnloohg mrev1 Wkh h{shfwhg lqfrph ri wkhvh kljk0vnloo zrunhuv lq fdvh ri glvplvvdo
lv kljkhu wkdq wkdw ri orz0vnloo zrunhuv= xqolnh orz0vnloo zrunhuv/ dq xqhpsor|hg kljk0
vnloo zrunhu kdv d fkdqfh ri jhwwlqj d zhoo0sdlg kljk0vnloo mre dqg/ vhfrqgo|/ wkh ryhudoo
xqhpsor|phqw udwh 0 dqg wkxv wkh suredelolw| ri uhpdlqlqj xqhpsor|hg 0 lv olnho| wr
eh orzhu iru kljk0vnloo zrunhuv1 Wklv orzhu frvw ri mre orvv iru kljk0vnloo zrunhuv lq orz0
vnloo mrev qhhg qrw lpso| wkdw wkhvh zrunhuv zloo vklun= d kljk0vnloo zrunhu lq d orz0vnloo
mre pd| dovr qg wkh hruw dvvrfldwhg zlwk qrq0vklunlqj ohvv dugxrxv wkdq d orz0vnloo
zrunhu1 Zh vkdoo dvvxph wkdw wklv hhfw rq wkh glvxwlolw| ri hruw grplqdwhv wkh uhgxfhg
frvw ri mre orvv dqg wkdw kljk0vnloo zrunhuv lq orz0vnloo mrev zloo vhw e ’  dw wkh zdjh
udwh ghwhuplqhg e| +57,1 Dq| dwwhpsw wr sd| wkhp ohvv wkdq orz0vnloo zrunhuv zloo eh
frqvlghuhg xqidlu/ krzhyhu/ dqg suryrnh vklunlqj14; Wkxv/ +57, pxvw krog iru erwk kljk0
dqg orz0vnloo zrunhuv lq xqvnloohg mrev14<
Zlwk wkhvh dvvxpswlrqv/ zh fdq qrz suryh wkh iroorzlqj uhvxow1
Sursrvlwlrq 6 +l, Htxdwlrqv +5,0+6,/ +<,0+43,/ +55, dqg +57, |lhog d xqltxh htxloleulxp
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+ll, dq lqfuhdvh lq 6 ru d ghfuhdvh lq  ohdgv wr d ulvh lq WM/ wkh fkdqjh lq 
W
u



















zkhuh uvw whup rq wkh uljkw kdqg vlgh lv dqdorjrxv wr +56, dqg wkh vhfrqg whup uhsuhvhqwv wkh idluqhvv
uhtxluhphqw1 Lw lv dvvxphg wkdw ZO@S uhsuhvhqwv wkh pd{lpxp zkhq ZO@S lv jlyhq e| +57,/ ZK@S
e| +55,/ dqg QOK e| +43,1
4<Dq dowhuqdwlyh/ pruh frpsolfdwhg dssurdfk zrxog eh wr ohdyh rxw wkh idluqhvv frqvlghudwlrqv dqg wr
xvh wkh htxdolw| ehwzhhq wkh zdjh udwhv ghwhuplqhg e| wkh qr0vklunlqj frqglwlrqv iru kljk0 dqg orz0vnloo
















eh wkh qr0vklunlqj frqglwlrq iru kljk0vnloo zrunhuv lq orz0vnloo mrev/ dqg xvh wklv frqglwlrq lq frpelqdwlrq
zlwk +55,/ +57, dqg wkh htxloleulxp frqglwlrq ZO>l @ ZO wr ghwhuplqh QOK >ZK@S dqg ZO@S dv
ixqfwlrqv ri QK@K dqg QOO@O +dqg wkh h{rjhqrxv yduldeoh ex,1 Wklv htxloleulxp ghwhuplqdwlrq ri
QOK zrxog uhsodfh wkh vlpsoh olqhdu vshflfdwlrq lq +43,1
48
lv dpeljxrxv/ dqg wkh uhodwlyh zdjh ‘ WM*‘
W






+lll, dq lqfuhdvh lq 6 ru d ghfuhdvh lq  ohdgv wr d ulvh lq WM*
W
u dqg d ghfolqh
lq ‘ WM*‘
W
u li wkh zdjh htxdwlrqv +55, dqg +57, duh v|pphwulf lq wkh vhqvh wkdw/ wdnlqj
lqwr dffrxqw wkh ghwhuplqdwlrq ri uM e| +43,/ wkh vdph sursruwlrqdo lqfuhdvh lq MA
dqg uu ohdyhv wkh udwlr ri wkh edujdlqhg uhdo zdjhv/ ‘M*‘uc xqdhfwhg1
Wkh lqwxlwlrq ehklqg wkh dpeljxlw| ri wkh fkdqjh lq u +Sursrvlwlrq 6 +ll,, dqg
wkh ulvh lq M*u +Sursrvlwlrq 6 +lll,, lv vwudljkwiruzdug1 D ulvh lq surgxfwlylw|/ iru
lqvwdqfh/ fdxvhv M wr lqfuhdvh dqg wkhuhiruh ihzhu vnloohg zrunhuv dffhsw xqvnloohg
mrev1 Wkxv/ hyhq li u lv xqfkdqjhg/ wkh frpsrvlwlrq ri zrunhuv lq xqvnloohg mrev zloo
kdyh fkdqjhg= uu zloo kdyh ulvhq dqg wklv frpsrvlwlrqdo fkdqjh 0 wklv lqfuhdvh lq wkh
hpsor|phqw udwh iru xqvnloohg zrunhuv 0 sxwv xszdugv suhvvxuh rq wkh xqvnloohg zdjh1 Li
wkh frpsrvlwlrqdo hhfw rq zdjh suhvvxuh lv vx!flhqwo| vwurqj/ wkh zdjh ghpdqg‘u*
dw wkh h{lvwlqj ohyho ri u pd| h{fhhg wkh ydoxh ri wkh pdujlqdo surgxfw ri xqvnloohg
zrun ghvslwh wkh ulvh lq surgxfwlylw| dqg wkh htxloleulxp vroxwlrq zloo lqyroyh d ghfolqh
lq u1
Sursrvlwlrq 6 vd|v wkdw qhxwudo fkdqjhv lq whfkqrorj|/ lq wkh ghjuhh ri prqrsro| ru
lq zrunhu plolwdqf| zloo dhfw uhodwlyh zdjhv dqg khqfh dovr uhodwlyh hpsor|phqw udwhv1
Wkxv/ lq wkh v|pphwulf fdvh ghvfulehg e| Sursrvlwlrq 6 +lll,/ d idoo lq / iru lqvwdqfh/
zloo ohdg wr dq lqfuhdvh lq ‘M*‘u dqg d ghfuhdvh lq M*u1 Wkh udwlrv ‘M*‘u dqg
M*u gr qrw/ krzhyhu/ fdswxuh wkh uhodwlyh iruwxqhv ri vnloohg dqg xqvnloohg zrunhuv1
Iru wkdw/ rqh qhhgv wr orrn dw wkh udwlrv ‘M*‘u dqg MA*uu/ exw Sursrvlwlrq 6 lv
frqvlvwhqw zlwk dq rxwfrph lq zklfk d ghfolqh lq 6* fdxvhv erwk ri wkhvh udwlrv wr
ulvh1
Wklv srvvlelolw| lv prvw uhdglo| ghprqvwudwhg lq wkh vshfldo fdvh lq zklfk wkh zdjh







Hyhq zlwk wklv vlpsoh vshflfdwlrq/ wkh prgho zloo qrw eh orj0olqhdu zkhq b lv srvlwlyh
dqg dq h{solflw vroxwlrq lv kdug wr rewdlq1 Frpsdudwlyh hhfwv ri fkdqjhv lq 6 dqg 
53Wklv vshflfdwlrq lv dovr xvhg e| Fdug hw do +4<<<,1 Vlqfh wkh| gr qrw frqvlghu ryhuhgxfdwlrq/
krzhyhu/ QKW @ QK dqg QOO @ QO lq wkhlu vhwxs1
49
fdq eh irxqg/ krzhyhu1 Vwudljkwiruzdug exw fxpehuvrph fdofxodwlrqv +vhh Dsshqgl{ G,
vkrz wkdw=














































































































































1 Dq lqfuhdvh lq 6* udlvhv wkh udwlr ri vnloohg wr
xqvnloohg mrev exw uhgxfhv wkh udwlr ri hpsor|phqw ri kljk0 wr orz0vnloo zrunhuv1 Sxwwlqj
lw glhuhqwo|/ wkh udwlrv MA*uu dqg‘M*‘u pryh wrjhwkhu1 Vhfrqgo|/ wkh vljq ri wkh




lv dpeljxrxv1 Li # lv vpdoo 0 wkdw lv/ li wkhuh lv d
kljk hodvwlflw| ri vxevwlwxwlrq ehwzhhq kljk0 dqg orz0vnloo lqsxwv 0 wkhq wkh h{suhvvlrq
4:
zloo eh srvlwlyh dqg uhodwlyh zdjhv dqg hpsor|phqw zloo pryh lq rssrvlwh gluhfwlrqv1





qhjdwlyh/ dqg lq wklv fdvh d ghfolqh lq 6* zloo surgxfh dq rxwfrph zklfk wv wkh
revhuyhg sdwwhuq/ dw ohdvw lq d txdolwdwlyh vhqvh1
Rqfh djdlq/ krzhyhu/ wkh phuh srvvlelolw| wkdw erwk ‘M*‘u dqg MA*uu pd|
lqfuhdvh dv wkh uhvxow ri d idoo lq 6* grhv qrw hvwdeolvk wkh hpslulfdo uhohydqfh ri wkh
dujxphqw1 Wkh sdudphwhu frqglwlrqv pd| eh uhvwulfwlyh ru wkh pdjqlwxgh ri wkh hhfwv
frxog eh qhjoljleoh iru hpslulfdoo| uhohydqw sdudphwhu ydoxhv1
Wkh qhz sdudphwhu lq wklv vhfwlrq lv wkh hodvwlflw|/ >/ ri wkh uhdo zdjh zlwk uhvshfw
wr hpsor|phqw1 Hpslulfdo hvwlpdwhv ri wklv hodvwlflw| ydu| zlgho| exw d sodxvleoh udqjh
iru > uxqv iurp 318 wr 7154 Xvlqj wklv udqjh iru > lq frpelqdwlrq zlwk b0ydoxhv iurp 318
wr 31< dqg #0ydoxhv iurp 4 wr 7 zh jhw wkh uhvxowv lq Wdeohv 7081 Wdeohv 7d07e jlyh wkh








iru glhuhqw frpelqdwlrqv ri b dqg
> Lq wkhvh wdeohv wkh lqyhuvh ri wkh hodvwlflw| ri vxevwlwxwlrq lv dvvljqhg wkh ydoxh # ’ 21
Wdeohv 8d08e { > dw d ehqfkpdun ohyho ri 5 dqg doorz b dqg # wr ydu|1 Erwk Wdeohv 7
dqg 8 xvh XV0fdoleudwhg ydoxhv iru wkh lqlwldo ydoxhv ri MA*M ’ fbec uu*u ’ fHD
dqg ‘M*‘u ’ 2 dqg lw lv dvvxphg wkdw #M ’ #*21
54RHFG +4<<7/ Wdeoh 815, jlyhv wkh vhpl0hodvwlflw| ri uhdo zdjhv zlwk uhvshfw wr xqhpsor|phqw
udwhv iru wkh djjuhjdwh oderxu pdunhw lq d qxpehu ri frxqwulhv1 Wkh hvwlpdwhv udqjh iurp 04 wr 043/
zlwk hvwlpdwhv iru wkh XV dqg XN forvh wr 04 dqg wkrvh iru prvw frqwlqhqwdo Hxurshdq frxqwulhv dqg
Mdsdq ehwzhhq 06 dqg 081 Wkh vhpl0hodvwlflw| lv uhodwhg wr wkh hodvwlflw| ri uhdo zdjhv zlwk uhvshfw wr
hpsor|phqw= li x @ OQ
O
lv wkh xqhpsor|phqw udwh wkhq
gx @ +4 x,+g orjQ  g orjO,
Wkh devroxwh ydoxh ri wkh vhpl0hodvwlflw| h{fhhgv wkh ydoxh ri wkh hodvwlflw|  erwk ehfdxvh ri wkh idfwru
4 x dqg ehfdxvh ri wkh glvfrxudjhg zrunhu hhfw zklfk phdqv wkdw fkdqjhv lq wkh uhjlvwhuhg oderxu
irufh duh srvlwlyho| fruuhodwhg zlwk fkdqjhv lq hpsor|phqw1
Wkh uhodwlyho| orz RHFG hvwlpdwh iru wkh vhpl0hodvwlflw| lv frqwudglfwhg e| rwkhu vwxglhv1 Fdug hw
do +4<<<, hvwlpdwh vxsso| hodvwlflwlhv lq wkh 3150317 udqjh lq d glvdjjuhjdwhg vhwxs/ lpso|lqj 0ydoxhv
ehwzhhq 518 dqg 81 Eodqfkdug dqg Ndw} +4<<:, vxjjhvw wkdw lq wkh pdfur gdwd wkhuh pd| eh qr orqj0
whup uhodwlrq ehwzhhq wkh xqhpsor|phqw udwh dqg wkh ohyho ri uhdo zdjh 0 fruuhvsrqglqj wr d yhuwlfdo
zdjh fxuyh ru/ dojheudlfdoo|/ $4 lq +58,0+59, 0 zkloh glvdjjuhjdwhg gdwd iru wkh XV vwdwhv lpso| wkdw
wkh devroxwh ydoxh ri wkh orqj uxq vhpl0hodvwlflw| ri wkh uhdo zdjh zlwk uhvshfw wr wkh xqhpsor|phqw
udwh lv zhoo deryh 81
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iru # ’ 2c #M ’ c‘M*‘u ’ 2 dqg glhuhqw ydoxhv ri b dqg >1








bq> 318 4 5 7
318 041<7 031;; 0316: 03147
319 0516: 0413< 0317: 0314;
31: 051;5 04165 0318< 03157
31; 0615; 0418: 031:5 03164
31< 061:; 041;9 031<3 03175
bq> 318 4 5 7
318 0316: 03187 03186 03176
319 03177 03198 0319: 03189
31: 03183 031:9 031;3 031:4
31; 03185 031;5 031<3 031;8
31< 0316: 03196 031:7 031:9








iru > ’ 2c #M ’ #*2c‘M*‘u ’ 2 dqg glhuhqw ydoxhv ri b dqg #1








bq# 4 5 6 7
318 0315; 0316: 03174 03177
319 0316; 0317: 03185 03187
31: 0317; 0318< 03196 03199
31; 03196 031:5 031:9 031:<
31< 031;8 031<3 031<5 031<6
bq# 4 5 6 7
318 03166 03186 03196 0319<
319 03176 0319: 031:; 031;7
31: 03186 031;3 031<5 031<<
31; 03195 031<3 04135 0413;
31< 03183 031:7 031;5 031;:
1
Wkh wdeohv vkrz wkdw
 MA*uu dqg‘M*‘u pryh lq wkh vdph gluhfwlrq iru doo sdudphwhu frpelqdwlrqv
lq wkh wzr wdeohv1
 xvlqj wkh ydoxhv b ’ fH dqg # ’ 2/ zklfk lq vhfwlrq 6 jdyh d shuihfw w iru wkh
XV zkhq fkdqjhv lq hpsor|phqw zhuh wdnhq dv h{rjhqrxv/ wkh urxjk htxdolw| lq
wkh hpslulfdo gdwd ehwzhhq _ *L}MA*uu dqg _ *L}‘MA*‘u lv rewdlqhg iru d
>0ydoxh mxvw xqghu 51
 zkhq b ’ fH/ # ’ 2 dqg > ’ 2c d 53058 shufhqw idoo lq 6* frxog dffrxqw iru
wkh revhuyhg fkdqjhv lq MA*uu dqg ‘M*‘u lq wkh XV1
4<
D gurs ri 53058 shufhqw lq 6* pd| vhhp odujh1 Dqqxdo oderxu surgxfwlylw|
jurzwk lq wkh XV/ krzhyhu/ zdv grzq 415 shufhqwdjh srlqwv lq 4<:60<9 frpsduhg zlwk
4<830:6 zkloh uhdo zdjh jurzwk iru phq gursshg e| derxw 6 shufhqwdjh srlqwv +Pdgglvrq
+4<<:/ Wdeoh 44,/ Jrwwvfkdon +4<<:/ s1 58,,1 Wkh fxpxodwlyh hhfwv ri wkhvh fkdqjhv lq
wkh zdjh wuhqg txlfno| dgg xs 0 wkh uhdo zdjh zrxog kdyh ehhq doprvw wzlfh dv kljk lq
4<<9 li wkh wuhqg kdg ehhq xqfkdqjhg 0 dqg frxog fdxvh d vljqlfdqw gurs lq 6* li
zdjh dvsludwlrqv +dv phdvxuhg e| wkh wlph sdwk iru E, dgmxvw vorzo|1
Wkh Jhupdq fdvh/ lq zklfk orz0vnloo zrunhuv h{shulhqfhg d ghwhulrudwlrq ri wkhlu
uhodwlyh hpsor|phqw srvlwlrq exw d voljkw lpsuryhphqw lq wkh uhodwlyh zdjh/ lv kdughu
wr h{sodlq1 Zlwk h{rjhqrxv hpsor|phqw fkdqjhv/ d jrrg w zdv rewdlqhg lq vhfwlrq 6
iru # ’ 2 dqg d b0ydoxh ehwzhhq 318 dqg 3191 Jlyhq wkh vshflfdwlrq lq +58,0+59, ri
wkh vxsso| vlgh ri wkh oderxu pdunhw/ krzhyhu/ wkh fkdqjhv lq hpsor|phqw dqg uhodwlyh
zdjhv fdqqrw erwk eh dffrxqwhg iru e| d ghfolqh lq 6*155 Xvlqj # ’ 2c > ’ 2 dqg
b ’ fD +uh hfwlqj wkh ohvv  h{leoh oderxu pdunhw,/ d idoo ri 53058 shufhqw lq 6*
zrxog jhqhudwh d ulvh ri mxvw xqghu 43 shufhqw lq MA*uu/ zklfk lv lq olqh zlwk wkh
hylghqfh/ exw dq lqfuhdvh ri ryhu 43 shufhqw lq ‘M*‘u
8 Frqfoxvlrqv
Lw lv frpprqo| eholhyhg wkdw vnloo0eldvhv lq whfkqlfdo fkdqjh dqg2ru fkdqjhv lq wkh
uhodwlyh vxssolhv duh qhhghg lq rughu wr surgxfh d sdwwhuq lq zklfk kljk0vnloo zrunhuv gr
ehwwhu wkdq orz0vnloo zrunhuv lq whupv ri erwk hpsor|phqw dqg zdjhv1 Wkh dujxphqw lq
wklv sdshu fkdoohqjhv wklv ylhz1
Wkh XV sdwwhuq lv sduwlfxoduo| vwulnlqj dqg/ qrw vxusulvlqjo|/ wkh XV h{shulhqfh
kdv ehhq wkh pdlq irfxv ri ghedwh1 Lq wklv sdshu zh kdyh dujxhg wkdw xvlqj sodxvleoh
sdudphwhu ydoxhv/ wkh eurdg XV sdwwhuq pd| hyhq eh frqvlvwhqw zlwk wkh devhqfh ri
vnloo0eldvhv dqg zlwk dq xqfkdqjhg sdwwhuq ri oderxu vxsso| +ru/ pruh uhdolvwlfdoo|/ zlwk
xqfkdqjhg wuhqg lqfuhdvhv lq wkh vnloo uhtxluhphqwv dqg wkh vxssolhv ri vnloo,1 Wkh
phfkdqlvp ehklqg rxu dujxphqw lv h{fhhglqjo| vlpsoh= vrph kljk0vnloo zrunhuv zkr idlo
wr jhw kljk0vnloo mrev zloo pryh lqwr orz0vnloo mrev1 Rqfh wklv srvvlelolw| lv uhfrjql}hg/
wkh revhuyhg fkdqjhv lq wkh hpsor|phqw udwhv ri kljk dqg orz0vnloo zrunhuv jhqhudwh
lqfuhdvlqj zdjh lqhtxdolw|/ erwk zlwklq dqg ehwzhhq vnloo fdwhjrulhv1 Wkh phfkdqlvp/
55Wdeohv 708 duh frqvwuxfwhg xvlqj XV revhuydwlrqv iru wkh lqlwldo ydoxhv ri QKW@K>QOO@O dqg
ZK@ZO= D uhfdofxodwlrq edvhg rq Jhupdq lqlwldo ydoxhv kdv rqo| plqru hhfwv dqg grhv qrw fkdqjh
wkh txdolwlwdwlyh slfwxuh1
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pruhryhu/ lv frqvlvwhqw zlwk wkh revhuydwlrq wkdw wkh fkdqjh lq uhodwlyh hpsor|phqw kdv
rffxuuhg zlwklq lqgxvwulhv dqg grhv qrw uh hfw d vwuxfwxudo vkliw dzd| iurp orz0vnloo
lqgxvwulhv1
Wkh fkdqjhv lq hpsor|phqw lq wxuq pd| eh uhodwhg/ dw ohdvw lq sduw/ wr wkh sur0
gxfwlylw| vorzgrzq wkdw rffxuuhg durxqg 4<:31 Wkxv/ rxu dujxphqw olqnv fkdqjhv lq
xqhpsor|phqw dqg zdjh lqhtxdolw| wr surgxfwlylw| pryhphqwv lq d kljko| sduvlprqlrxv
zd|= d vlqjoh +xqh{sodlqhg, fkdqjh 0 wkh surgxfwlylw| vorzgrzq 0 lv xvhg wr dffrxqw iru
wkh revhuyhg lqfuhdvh lq erwk xqhpsor|phqw dqg lqhtxdolw| ehwzhhq 4<:3 dqg wkh hduo|
4<<3v1 Ixuwkhupruh/ wkh prgho fruuhfwo| suhglfwv wkdw uhfhqw lqfuhdvhv lq surgxfwlylw|
jurzwk zloo eh dvvrfldwhg zlwk uhgxfwlrqv lq xqhpsor|phqw dqg lqhtxdolw|1
Rqh pd| txhvwlrq wkh pdjqlwxgh dqg gxudelolw| ri wkh hhfwv ri fkdqjhv lq surgxf0
wlylw| jurzwk rq wkh udwlr 6*1 Lw vkrxog eh qrwhg/ krzhyhu/ wkdw uhvhuydwlrqv lq wklv
uhvshfw frqfhuq wkh vshflfdwlrq ri wkh vxsso| vlgh ri wkh oderxu pdunhw dqg kdyh qr
ehdulqj rq wkh qhhg iru vnloo0eldvvhg whfkqlfdo fkdqjh wr jhqhudwh wkh revhuyhg wuhqgv
lq xqhpsor|phqw dqg zdjh lqhtxdolw|1 Jlyhq wkh h{whqw wr zklfk kljk0vnloo zrunhuv
dffhsw orz0vnloo mrev +wkh ydoxh ri b, dqg wkh hodvwlflw| ri vxevwlwxwlrq +wkh lqyhuvh ri
#, lw lv srvvleoh wr wudfh wkh lpsolhg hhfwv ri h{rjhqrxv hpsor|phqw fkdqjhv rq wkh
uhodwlyh zdjh1 Dv vkrzq lq vhfwlrq 6/ wkh fkdqjhv lq uhodwlyh zdjhv duh frqvlvwhqw zlwk
wkh revhuyhg hpsor|phqw fkdqjhv iru sodxvleoh ydoxhv ri wkh fulwlfdo sdudphwhuv b dqg
#1
Wkh hhfwv kljkoljkwhg lq wklv sdshu gr qrw h{foxgh rwkhu lq xhqfhv rq lqhtxdolw|1
Lqwhuqdwlrqdo frpshwlwlrq/ vnloo0eldvhv lq whfkqlfdo surjuhvv dqg fkdqjhv lq oderxu pdunhw
lqvwlwxwlrqv pd| doo kdyh frqwulexwhg wr wkh revhuyhg wuhqgv lq zdjh lqhtxdolw| dqg lq
wkh ohyho dqg frpsrvlwlrq ri xqhpsor|phqw156 Lq idfw/ rxu uhvxowv lpsolflwo| vxssruw
wkh ylhz wkdw lqvwlwxwlrqdo glhuhqfhv rq wkh vxsso| vlgh ri wkh oderxu pdunhw sod| dq
lpsruwdqw uroh1 Wkxv/ lq vhfwlrq 7 wkh Jhupdq hylghqfh frxog qrw eh h{sodlqhg xvlqj d
oderxu vxsso| vshflfdwlrq wkdw vhhphg wr zrun uhdvrqdeo| zhoo iru wkh XV1 Li glhuhqfhv
56Vxssruwhuv ri vnloo0eldvhg whfkqlfdo fkdqjh vxjjhvw wkdw wkh devhqfh ri rwkhu frqylqflqj h{sodqdwlrqv
lpsolfdwhv whfkqrorj| e| ghidxow zlwk gluhfw hylghqfh frplqj iurp vwurqj fruuhodwlrqv wkdw zlwklq0
lqgxvwu| xsjudglqj kdv zlwk erwk U)G lqyhvwphqw dqg wkh lqfuhdvh lq frpsxwhu lqyhvwphqwv +Ehupdq
hw do +4<<7/ s1 6<405,,1 Zlwk lqgxvwu|0vshflf vkrfnv/ krzhyhu/ vkliwv lq hpsor|phqw zloo qrw eh xqlirup
dqg lw lv qrw vxusulvlqj wkdw wkh vkliwv kdyh ehhq sduwlfxoduo| vwurqj lq lqgxvwulhv zlwk kljk U)G dqg kljk
frpsxwhu lqyhvwphqw= li whfkqrorjlfdoo| dgydqfhg lqgxvwulhv whqg wr eh uhodwlyho| vnloo0lqwhqvlyh/ wkhq
whfkqrorjlfdoo| g|qdplf lqgxvwulhv zloo h{shulhqfh dq deryh0dyhudjh vkliw wrzdugv kljk0vnloo zrunhuv1
Wkxv/ wkh revhuyhg fruuhodwlrq lv frqvlvwhqw zlwk pdq| glhuhqw h{sodqdwlrqv ri wkh dyhudjh vkliw wrzdugv
kljk0vnloo zrunhuv dqg wkh ghidxow dujxphqw lv zhdnhqhg e| wkh vnloo0dv|pphwu| hhfwv rxwolqhg khuh1
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lq zdjh vhwwlqj lqvwlwxwlrqv duh lpsruwdqw iurp d furvv0vhfwlrq shuvshfwlyh wkhq fkdqjhv
lq wkhvh lqvwlwxwlrqv vkrxog sod| d uroh lq d wlph0vhulhv shuvshfwlyh1 Pdq| frxqwulhv
kdyh h{shulhqfhg vljqlfdqw fkdqjhv lq wkhlu oderxu pdunhw lqvwlwxwlrqv vlqfh 4<:3 dqg
lw zrxog eh vxusulvlqj li wkhvh ghyhorsphqwv kdg ohiw qr pdun rq xqhpsor|phqw ru
lqhtxdolw|1
Hyhq li rqh zhuh wr glvuhjdug wkh srvvleoh/ frpsohphqwdu| lq xhqfhv ri vnloo0eldvhv/
lqwhuqdwlrqdo wudgh dqg zdjh0vhwwlqj lqvwlwxwlrqv/ wkh prgho kdv ohiw rxw pdq| frpsol0
fdwlqj idfwruv1 Lw kdv ehhq dvvxphg/ iru lqvwdqfh/ wkdw wkh vxssolhv ri M dqg u duh
frqvwdqw zkloh lq uhdolw|/ fkdqjhv lq wkh +wuhqg lqfuhdvh ri, vxsso| ri vnloo dqg lq wkh
txdolw| ri irupdo hgxfdwlrq pd| zhoo kdyh frqwulexwhg wr wkh revhuyhg furvv0vhfwlrqdo dqg
wlph0vhulhv sdwwhuqv iru uhodwlyh zdjhv dqg xqhpsor|phqw1 Wkh dvvxpswlrq ri rqo| wzr
vnloo fdwhjrulhv fohduo| lqyroyhv dqrwkhu gudvwlf vlpsolfdwlrq dv grhv wkh dvvxpswlrq ri
krprjhqhlw| ri doo zrunhuv zlwklq d vnloo fdwhjru|1 Wklv odwwhu dvvxpswlrq suhfoxghv wkh
srvvlelolw| wkdw phdvxuhg ryhuhgxfdwlrq uh hfwv xqrevhuyhg txdolw| glhuhqfhv dprqj
zrunhuv1 \hw dqrwkhu vhw ri olplwdwlrqv lv rxu qhjohfw ri xqghuhgxfdwlrq dqg wkh xvh ri
d vlpsoh mre0frpshwlwlrq prgho lq zklfk orz0vnloo zrunhuv fdqqrw shuirup kljk0vnloo
mrev zkloh kljk0 dqg orz0vnloo zrunhuv duh shuihfw vxevwlwxwhv lq orz0vnloo mrev157 Wkhvh
vlpsoli|lqj dvvxpswlrqv duh frqwudglfwhg e| wkh fr0h{lvwhqfh lq wkh gdwd ri erwk xqghu0
dqg ryhuhgxfdwlrq dqg e| wkh frqvlvwhqw qglqj wkdw ryhuhgxfdwhg zrunhuv jhw vrph
zdjh suhplxp158 Ilqdoo|/ rxu vw|ol}hg idfwv suhvhqwhg d fuxgh slfwxuh ri wkh dydlodeoh
hylghqfh dqg wkh qxphulfdo fdofxodwlrqv duh phuho| lqglfdwlyh1
Wkhvh olplwdwlrqv qrwzlwkvwdqglqj/ wkh dqdo|vlv kljkoljkwv d phfkdqlvp zklfk kdv
qrw uhfhlyhg olwwoh ru qr dwwhqwlrq lq wkh uhfhqw olwhudwxuh rq fkdqjhv lq zdjh lqhtxdolw|1
Xvlqj d irupdol}dwlrq zklfk gholehudwho| kdv ohiw rxw vnloo0eldvhv/ lqwhuqdwlrqdo frpsh0
57Lq d pruh jhqhudo vshflfdwlrq wkh kljk vnloo lqsxw QK frxog eh zulwwhq dv
QK @ QK+QKK > QKO,
zkhuh QKK dqg QKO ghqrwh wkh hpsor|phqw ri kljk dqg orz vnloo zrunhuv/ uhvshfwlyho|/ lq kljk vnloo
srvlwlrqv1 Dqdorjrxvo|/ wkh orz vnloo lqsxw zrxog eh
QO @ QO+QOO> QOK,
Wklv jhqhudo vshflfdwlrq/ zklfk doorzv xqghuhgxfdwlrq dqg zklfk grhv qrw uhtxluh shuihfw vxevwlwxwlrq
ehwzhhq kljk dqg orz vnloo zrunhuv lq orz vnloo srvlwlrqv/ frqwdlqv rxu vshflfdwlrq lq wkh sdshu dv d
vshfldo fdvh1
58Jhqhudo dvvljqphqw prghov zrxog ohdyh d uroh iru wkh fkdudfwhulvwlfv ri erwk wkh mre dqg wkh zrunhu
lq wkh ghwhuplqdwlrq ri surgxfwlylw| dqg zdjhv +Vdwwlqjhu +4<<6,,1
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wlwlrq dqg lqvwlwxwlrqdo fkdqjhv/ zh kdyh vkrzq wkdw wkh hhfwv ri vnloo dv|pphwulhv/
lqgxfhg ryhuhgxfdwlrq dqg fuhghqwldolvp pd| eh hpslulfdoo| uhohydqw dqg wkdw wkh| gh0
vhuyh ixuwkhu hpslulfdo h{dplqdwlrq1
9 Dsshqglfhv
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( }u : fc su : f +D5,
Htxdwlrq +D4, lpsolhv wkdw M lv dq lqfuhdvlqj ixqfwlrq ri 6* dqg u dqg wkdw













































( u : f +D9,






( M : f +D:,
Wkh hhfwv rq M dqg u ri fkdqjhv lq wkh sdudphwhuv iroorz gluhfwo| iurp +D9,0+D:,1
Lq rughu wr jhw wkh hhfwv rq ‘M* dqg ‘u* zh frpelqh +D9,0+D:, zlwk +5,0+6,
dqg +8,0+9,1 Htxdwlrqv +8, dqg +D:, lpso| wkdw ‘M* lv lqfuhdvlqj lq  dqg 6> wkh
56
dqdorjrxv uhvxow iru ‘u* iroorzv iurp +9, dqg +D9,1 Htxdwlrqv +5, dqg +6, lpso| wkdw
fkdqjhv lq  zloo dhfw wkh zdjh udwhv rqo| lqvridu dv wkh| fdxvh wkh udwlr M*u wr
fkdqjh1 Vlqfh fkdqjhv lq wkh oderxu udwlr dhfw ‘M* dqg‘u* lq rssrvlwh gluhfwlrqv
wkh uhvxow iroorzv= dq lqfuhdvh lq  zloo ohdg wr d uhgxfwlrq lq erwkM dqg u exw dhfw
‘M* dqg ‘u* lq rssrvlwh gluhfwlrqv1 Zh kdyh qrz suryhg +l, dqg +ll,1 Wkh uhvxow
lq +lll, iroorzv gluhfwo| iurp htxdwlrq +7, dqg khqfh lv lqghshqghqw ri wkh vshflfdwlrq
lq htxdwlrqv +8,0+9, ri wkh edujdlqhg uhdo zdjh1
915 Dsshqgl{ E= Surri ri sursrvlwlrq 5
Htxdwlrqv +46,0+47, iroorz iurp +43, dqg wkh ghqlwlrqv lq +:,0+<,/ dqg htxdwlrqv +48,0
+49, fdq eh ghulyhg e| orjdulwkplf glhuhqwldwlrq ri +46,0+47,/ qrwlqj wkdw e| dvvxpswlrq
wkh oderxu vxsso| M lv frqvwdqw1
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M nMA : f +E8,
Lq rughu wr ghulyh +4;, zh qrwh uvw wkdw wkh h{suhvvlrq iru j fdq eh uhzulwwhq xvlqj
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91614 +l, H{lvwhqfh ri htxloleulxp
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2 : fc s
u : f +F7,
Htxdwlrq +F6, dqg wkh vljqv ri wkh sduwldo ghulydwlyhv lpso| wkdw M lv dq lqfuhdvlqj
ixqfwlrq ri u zkloh wkh udwlr M*u lv d ghfuhdvlqj ixqfwlrq ri u1 Frpelqlqj wkhvh
uhvxowv zlwk htxdwlrq +F7, 0 dqg xvlqj wkh vljqv ri wkh sduwldo ghulydwlyhv ri Cu dqg su
0 jlyhv d xqltxh vroxwlrq iru Wu dqg 
W
M 1 Htxdwlrqv +<, dqg +43, fdq qrz eh xvhg wr
jlyh xqltxh vroxwlrqv iru WuM dqg 
W
uu zkloh htxdwlrqv +55, dqg +57, ghwhuplqh ‘
W
M*
dqg ‘ Wu* 1
Lq rughu wr hqvxuh qrq0qhjdwlyh vroxwlrq ydoxhv iru M dqg uu/ wkh vroxwlrq lv gh0
qhg dv M ’ f li C
MEfc 6su Ef : 6
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 $ 4 iru
Eu  bEM M$ u dqg khqfh hqvxuh wkdw uu 	 u dqg M 	 M1
91615 +ll, Hhfwv ri fkdqjhv lq 6 ru 
Qrwh uvw wkdw u dqg M fdqqrw erwk ghfuhdvh dv 6 lqfuhdvhv ru  ghfuhdvhv1 Wr
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59
Qrz revhuyh wkdw d ghfolqh lq erwk u dqg M zrxog lpso| wkdw wkh ydoxhv rq wkh ohiw
kdqg vlgh ri erwk +F7, dqg +F8, zloo ghfuhdvh1 Wkh uljkw kdqg vlghv ri +F7, dqg +F8,/
rq wkh rwkhu kdqg/ fdqqrw erwk ghfolqh dv 6 lqfuhdvhv ru  ghfuhdvhv1 Lw iroorzv wkdw
u dqg2ru M pxvw lqfuhdvh1 Vlqfh htxdwlrq +F8, lpsolhv wkdw M lv lqfuhdvlqj lq 6
dqg ghfuhdvlqj lq  dqg vlqfh zh nqrz iurp +l, wkdw M lv lqfuhdvlqj lq u/ dq lqfuhdvh
lq u zrxog dovr fdxvh M wr jr xs1 Lw iroorzv wkdw d ulvh lq 6 ru d idoo lq  pxvw
ohdg wr dq lqfuhdvh lq M 
Vlqfh +5, dqg +6, frqwlqxh wr krog/ qdoo|/ vr grhv htxdwlrq +7,1 Wkxv/ wkh pryhphqwv
lq uhodwlyh zdjhv dqg uhodwlyh hpsor|phqw pxvw eh lq rssrvlwh gluhfwlrqv1
91616 +lll, Hhfwv ri fkdqjhv lq 6 ru  lq wkh v|pphwulf fdvh
Dvvxph wkdw d ulvh lq 6 ru d ghfolqh lq  fdxvhg M*u wr ghfuhdvh dqg khqfh 0 xvlqj
+7, 0 wkdw ‘M*‘u lqfuhdvhv1 Zh vkrz wkdw wklv dvvxpswlrq ohdgv wr d frqwudglfwlrq1
Zh nqrz iurp +ll, wkdw M lqfuhdvhv dqg vlqfh/ e| dvvxpswlrq/ M*u ghfuhdvhv/ zh
kdyh _ *L}u : _ *L}M : f1 Vlqfh u ’ uunuM dqg M ’ MA uM c dqg vlqfh
uM lv d ghfuhdvlqj ixqfwlrq ri M lw iroorzv wkdw _ *L}uu : _ *L}u : _ *L}M :
_ *L}MA 1
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zkhuh >u lv wkh hodvwlflw| ri‘u* zlwk uhvshfw wr uu1 E| dvvxpswlrq/ d sursruwlrqdwh
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u_ *L}uu  >
u_ *L}uu
’ >M E_ *L}MA  _ *L}uu +F43,





E| dvvxpswlrq/ krzhyhu/ _ *L}‘M*‘u : f/ dqg zh kdyh d frqwudglfwlrq1 Lw iroorzv wkdw
M*u pxvw lqfuhdvh iroorzlqj dq lqfuhdvh lq 6 ru d ghfuhdvh lq 1
917 Dsshqgl{ G= Surri ri sursrvlwlrq 7
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Htxdwlrq +G44, fdq eh uhzulwwhq dv +5:, lq wkh sursrvlwlrq1
















/ xvh +7, dqg +58,0+59,/ uhvshfwlyho|/ lq



























































Htxdwlrq +4:, lq Sursrvlwlrq 5 jlyhv dq h{suhvvlrq iru _ *L} `M
`u
lq whupv ri _ *L}M











































































































^4‘ Dxwru/ G/ Ndw}/ O1 dqg Nuxhjhu/ D1 +4<<;, Frpsxwlqj Lqhtxdolw|= Kdyh Frpsxwhuv
Fkdqjhg wkh Oderxu Pdunhw1 Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 446/ ss1 449<045461
^5‘ Ehupdq/ H1/ Erxqg/ M1 dqg Julolfkhv/ ]1 +4<<7, Fkdqjhv lq wkh Ghpdqg iru Vnloohg
Oderu zlwklq XV Pdqxidfwxulqj= Hylghqfh iurp wkh Dqqxdo Vxuyh| ri Pdqxidf0
wxuhv1 Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43</ ss1 69:06<:1
^6‘ Ehzoh|/ W1I1 +4<<;, Zk| Qrw Fxw Sd|B1 Hxurshdq Hfrqrplf Uhylhz/ 75 +608,/
ss1 78<07<31
^7‘ Eodqfkdug/ R1 +4<<;, Uhylvlwlqj Hxurshdq Xqhpsor|phqw= Xqhpsor|phqw/ Fds0
lwdo Dffxpxodwlrq dqg Idfwru Sulfhv1 QEHU Zrunlqj Sdshu 98991
^8‘ Eodqfkdug/ R1 dqg Ndw}/ O1I1 +4<<:, Zkdw Zh Nqrz dqg Gr Qrw Nqrz Derxw
wkh Qdwxudo Udwh ri Xqhpsor|phqw1 Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 44=4/ ss1
840:51
63
^9‘ Eodqn/ U1P1 +5333, Glvwlqjxlvkhg Ohfwxuh rq Hfrqrplfv lq Jryhuqphqw 0 Iljkwlqj
Sryhuw|= Ohvvrqv iurp Uhfhqw XV Klvwru|1 Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 47
+5,/ ss 604<1
^:‘ Eolqghu/ D1 dqg Hvdnl/ K1 +4<:;, Pdfurhfrqrplf Dfwlylw| dqg Lqfrph Glvwulexwlrq
lq wkh Srvwzdu Xqlwhg Vwdwhv1 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 93/ ss1 937093<1
^;‘ Euhvqdkdq/ W1I1 +4<<<, Frpsxwhulvdwlrq dqg Zdjh Glvshuvlrq= dq Dqdo|wlfdo
Uhlqwhusuhwdwlrq1 Hfrqrplf Mrxuqdo/ 43</ Mxqh/ I6<30I7481
^<‘ Fduolq/ Z1 dqg Vrvnlfh/ G1 +4<<3, Pdfurhfrqrplfv dqg wkh Zdjh Edujdlq1 R{irug
Xqlyhuvlw| Suhvv1
^43‘ Fdug/ G1/ Nudpdu}/ I1 dqg Ohplhx{/ W1 +4<<<, Fkdqjhv lq wkh Uhodwlyh Vwuxfwxuh ri
Zdjhv dqg Hpsor|phqw= D Frpsdulvrq ri wkh Xqlwhg Vwdwhv/ Fdqdgd dqg Iudqfh1
Fdqdgldq Mrxuqdo ri Hfrqrplfv/ 65 +7,/ ss1 ;760;::1
^44‘ Gdo|/ P1F1/ Eÿfkho/ I1 dqg Gxqfdq/ J1M1 +5333, Suhplxpv dqg Shqdowlhv iru
Vxusoxv dqg Ghflw Hgxfdwlrq= Hylghqfh iurp wkh Xqlwhg Vwdwhv dqg Jhupdq|1
Hfrqrplfv ri Hgxfdwlrq Uhylhz/ 4< +5,/ ss1 49<04:;1
^45‘ Ghglqj/ P1F1 +5333, Dvshfwv ri Lqfrph Glvwulexwlrqv lq d Oderxu Pdunhw Shu0
vshfwlyh1 SkG wkhvlv 533306/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ddukxv1
^46‘ GlQdugr/ M1 Iruwlq/ Q1P1 dqg Ohplhx{/ W1 +4<<9, Oderu Pdunhw Lqvwlwxwlrqv dqg
wkh Glvwulexwlrq ri Zdjhv/ 4<:604<<51 Hfrqrphwulfd/ 98/ 43340771
^47‘ Grhulqjhu/ S1E1 dqg Slruh/ P1M1 +4<:4, Lqwhuqdo Oderu Pdunhwv dqg Pdqsrzhu Dqdo0
|vlv1 Oh{lqjwrq/ PD= Khdwk1
^48‘ Growrq/ S1M1 dqg Yljqrohv/ D1 +5333, Wkh Lqflghqfh dqg Hhfwv ri Ryhuhgxfdwlrq
lq wkh XN Judgxdwh Oderxu Pdunhw1 Hfrqrplfv ri Hgxfdwlrq Uhylhz/ 4< +5,/ ss1
4:<04<;1
^49‘ Ihhqvwud/ U1F1 dqg Kdqvrq/ J1K1 +4<<<, Wkh Lpsdfw ri Rxwvrxuflqj dqg Kljk0
Whfkqrorj| Fdslwdo rq Zdjhv= Hvwlpdwhv iru wkh Xqlwhg Vwdwhv/ 4<:<0<31 Txduwhuo|
Mrxuqdo ri Hfrqrplfv/ 447=6/ <3:0731
^4:‘ Iruwlq/ Q1P1 dqg Ohplhx{/ W1 +4<<:, Lqvwlwxwlrqdo Fkdqjhv dqg Ulvlqj Zdjh Lq0
htxdolw|= Lv Wkhuh d OlqndjhB Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 44=5/ :80<91
64
^4;‘ Iuhhpdq/ U1 +4<<6, Krz Pxfk Kdv Gh0Xqlrql}dwlrq Frqwulexwhg wr wkh Ulvh lq
Pdoh Hduqlqjv Lqhtxdolw|B1 Lq V1 Gdq}ljhu dqg S1 Jrwwvfkdon +hgv, Xqhyhq Wlghv=
Ulvlqj Lqhtxdolw| lq Dphulfd/ Qhz \run= Uxvvhoo Vdjh Irxqgdwlrq1
^4<‘ Jdxwlhu/ S1 +5333, Gr Pruh Kljk0vnloohg Zrunhuv Rffxs| Vlpsoh Mrev Gxulqj Edg
WlphvB Lq O1 Erujkdqv dqg D1 gh Juls +hgv, Wkh Ryhuhgxfdwhg zrunhuB Wkh
Hfrqrplfv ri Vnloo Xwlol}dwlrq/ Fkhowhqkdp= Hgzdug Hojdu1
^53‘ Jrwwvfkdon/ S1 +4<<:, Lqhtxdolw|/ Lqfrph Jurzwk/ dqg Prelolw|= Wkh Edvlf Idfwv1
Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 44=5/ 540731
^54‘ Juhhq/ I1/ PfLqwrvk/ V1 dqg Yljqrohv/ D1 +4<<<, Ryhuhgxfdwlrq dqg Vnloov 0 Foduli|0
lqj wkh Frqfhswv1 Fhqwuh iru Hfrqrplf Shuirupdqfh Glvfxvvlrq Sdshu 768/ Orqgrq
Vfkrro ri Hfrqrplfv1
^55‘ Juhhq/ I1/ Ihovwhdg/ D1 dqg Jdoolh/ G1 +5333, Frpsxwhuv Duh Hyhq Pruh Lpsruwdqw
wkdq \rx Wkrxjkw= dq Dqdo|vlv ri wkh Fkdqjlqj Vnloo0Lqwhqvlw| ri Mrev1 Fhqwuh
iru Hfrqrplf Shuirupdqfh Glvfxvvlrq Sdshu 76</ Orqgrq Vfkrro ri Hfrqrplfv1
^56‘ Jurrw/ O1 dqg Krhn/ D1 +5333, Mre Frpshwlwlrq lq wkh Gxwfk Oderxu Pdunhw1
Lq O1 Erujkdqv dqg D1 gh Juls +hgv, Wkh Ryhuhgxfdwhg zrunhuB Wkh Hfrqrplfv ri
Vnloo Xwlol}dwlrq/ Fkhowhqkdp= Hgzdug Hojdu1
^57‘ Jurrw/ Z1 dqg Pddvvhq ydq ghu Eulqn/ K1 +5333, Ryhuhgxfdwlrq lq wkh Oderu
Pdunhw= D Phwd0Dqdo|vlv1 Hfrqrplfv ri Hgxfdwlrq Uhylhz/ 4< +5,/ ss1 47<048;1
^58‘ Kduwrj/ M1 +5333, Ryhuhgxfdwlrq dqg Hduqlqjv= Zkhuh Zh Duh/ Zkhuh Zh Vkrxog
Jr1 Hfrqrplfv ri Hgxfdwlrq Uhylhz/ 4</ ss1 464047:1
^59‘ Khuvfk/ M1 +4<<4, Hgxfdwlrq Pdwfk dqg Mre Pdwfk1 Uhylhz ri Hfrqrplfv dqg
Vwdwlvwlfv/ :6/ ss1 47304771
^5:‘ Mçqwwl/ P1 +4<<7, D Pruh H!flhqw Hvwlpdwh ri wkh Hhfwv ri Pdfurhfrqrplf
Dfwlylw| rq wkh Glvwulexwlrq ri Lqfrph1 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :9/ ss1
6:506:;1
^5;‘ Ndw}/ O1I1 dqg Pxusk|/ N1P1 +4<<5, Fkdqjhv lq Uhodwlyh Zdjhv/ 4<9604<;:= Vxs0
so| dqg Ghpdqg Idfwruv1 Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43:/ ss1 680:;1
^5<‘ Ohdphu/ H1 +4<<7, Wudgh/ Zdjhv dqg Uhyroylqj Grru Lghdv QEHUZrunlqj Sdshu
Qr 7:491
65
^63‘ PfNhqqd/ F1M1 +4<<9, Hgxfdwlrq dqg wkh Glvwulexwlrq ri Xqhpsor|phqw1 Hxur0
shdq Mrxuqdo ri Srolwlfdo Hfrqrp|/ 45/ ss1 44604651
^64‘ Pdgglvrq/ D1 +4<<:, Wkh Qdwxuh dqg Ixqfwlrqlqj ri Hxurshdq Fdslwdolvp= D
Klvwrulfdo dqg Frpsdudwlyh Shuvshfwlyh1 Edqfd Qd}lrqdoh gho Odyrur Txduwhuo|
Uhylhz/ O=536/ 76407:<1
^65‘ Px|vnhq/ M1 dqg Whu Zhho/ E1 +5333, Ryhuhgxfdwlrq dqg Furzglqj Rxw ri Orz0
vnloohg Zrunhuv1 Lq O1 Erujkdqv dqg D1 gh Juls +hgv, Wkh Ryhuhgxfdwhg zrunhuB
Wkh Hfrqrplfv ri Vnloo Xwlol}dwlrq/ Fkhowhqkdp= Hgzdug Hojdu1
^66‘ Pxusk|/ N1P1 dqg Zhofk/ I1 +4<<5, Wkh Vwuxfwxuh ri Zdjhv1 Txduwhuo| Mrxuqdo
ri Hfrqrplfv/ 43: +4,/ ss1 5;806591
^67‘ Qlfnhoo/ V1 dqg Ehoo/ E1 +4<<9, Fkdqjhv lq wkh Glvwulexwlrq ri Zdjhv dqg Xqhp0
sor|phqw lq RHFG Frxqwulhv1 Dphulfdq Hfrqrplf Uhylhz/ ;9=5/ 635063;1
^68‘ RHFG +4<<7, Wkh RHFG Mrev Vwxg|1 RHFG1
^69‘ Uhghu/ P1Z1 +4<88, Wkh Wkhru| ri Rffxsdwlrqdo Zdjh Glhuhqwldov1 Dphulfdq
Hfrqrplf Uhylhz/ 78=8/ ss1 ;660;851
^6:‘ Uhlfk/ U1E1 +4<<6, Dphulfdq Frpshwlwlyhqhvv dqg Dphulfdq Eudlqv1 Qhz \run=
Eduxfk Froohjh/ Flw| Xqlyhuvlw| ri Qhz \run1
^6;‘ Uljj/ P1/ Holdv/ S1/ Zklwh/ P1 dqg Mrkqvrq/ V +4<<3, Dq Ryhuylhz ri wkh Ghpdqg
iru Judgxdwhv1 KPVR/ Orqgrq1
^6<‘ Vdwwlqjhu/ P1 +4<<6, Dvvljqphqw Prghov ri wkh Glvwulexwlrq ri Hduqlqjv1 Mrxuqdo
ri Hfrqrplf Olwhudwxuh/ 64 +5,/ ss1 ;840;;31
^73‘ Vlfkhupdq/ Q1 +4<<4, cRyhuhgxfdwlrq* lq wkh Oderu Pdunhw1 Mrxuqdo ri Oderu
Hfrqrplfv/ </ ss1 43404551
^74‘ Vordqh/ S1M1/ Edwwx/ K1 dqg Vhdpdq/ S1W1 +4<<<, Ryhuhgxfdwlrq/ Xqghuhgxfdwlrq
dqg wkh Eulwlvk Oderxu Pdunhw1 Dssolhg Hfrqrplfv/ 64 +44,/ ss1 476:047871
^75‘ Vwljolw}/ M1 +4<<:, Uh hfwlrqv rq wkh Qdwxudo Udwh K|srwkhvlv1 Mrxuqdo ri Hfr0
qrplf Shuvshfwlyhv/ 44 +4,/ 60431
^76‘ Wkxurz/ O1F1 +4<:8, Jhqhudwlqj Lqhtxdolw|1 Qhz \run= Edvlf Errnv1
66
^77‘ Ydq Rxuv/ M1F1 dqg Ulgghu/ J1 +4<<8, Mre Pdwfklqj dqg Mre Frpshwlwlrq= Duh
Orzhu Hgxfdwhg Zrunhuv dw wkh Edfn ri Mre TxhxhvB Hxurshdq Hfrqrplf Uhylhz/
6< +<,/ ss1 4:4:04:641
^78‘ Zhofk/ I1 +4<<<, Lq Ghihqvh ri Lqhtxdolw|1 Dphulfdq Hfrqrplf Uhylhz/ Sdshuv
dqg Surfhhglqjv/ Pd|/ ss1404:1
^79‘ Zro/ H1 +5333, Whfkqrorj| dqg wkh Ghpdqg iru Vnloov1 Lq O1 Erujkdqv dqg
D1 gh Juls +hgv, Wkh Ryhuhgxfdwhg zrunhuB Wkh Hfrqrplfv ri Vnloo Xwlol}dwlrq/
Fkhowhqkdp= Hgzdug Hojdu1
^7:‘ Zrrg/ D1 +4<<7, Qruwk0Vrxwk Wudgh/ Hpsor|phqw dqg Lqhtxdolw|/ Fkdqjlqj Iru0
wxqhv lq d Vnloo0Gulyhq Zruog1 R{irug= Foduhqgrq Suhvv
67
